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ABSTRACT 

A model for identification of hearing impairment 
which combined tympanometry and the puretone procedures outlined by 
the American Speech and Hearing Association was tested with 8,528 
elementary age children from six Connecticut towns. The nine goals of 
the project included obtaining pass/fail ratios for puretone 
audiometry within minus 1 percent and plus 3 percent of national 
prevalence statistics, obtaining a normative data base for a combined 
puretone-tympanometry model representative of the various populations 
within Connecticut, and determining the reduction of false positives 
resulting from a rescreening of all initial screen failures. AllP-^ 
goals wejie isst except the goal of having the model adopted in at 
least two of the partici^/dtirg towns. It was concluded that routine 
inclusion of tympanometry in hearing conservation program»v^f or 
schools is both practicable and desirable, and that nursifg and 
hearing personnel can be taught quickly to opniite the ^-^Mlpment and 
obtain reliable data. (Appendixes to the document include sta^'istical 
findings from the screening, guidelines for puretone testing and 
tympanometry, and various- forms for recording information and for 
referral.) (LS) 
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IDENTIFICATION AUDIOMETRY 
IN CONNECTICUT 

6- 

The purpose of identification audiometry in the schools is to 
detect those '^Mldren whd may be educationally handicapped by hearing 
loss. It is the cornerstone upon which the hearing conservation pro- 
gram of ^ school district is built. As stated by the National Confer- 
ence on Identification Audiometry (Darley, 1961), 



. . . the goal is to locate children who have 
even minimal hearing problems so that they can be 
referred for medical treatment of any active ear 
conditions discovered to be present and so that 
remedial educational procedures can be instituted 
at the earliest possible date. Programs should be 
designed to identify not only children with a chronic 
disability but also children who have difficulty 
during only certain times of the year-or under cer- 
tain conditions. The period when a child may not be 
hearing well (as during a respiratory illness or dur- . 
ing a season with high pollen-count) and conse- 
quently be functioning at a low level may be just the 
time when social and .educational demands on him are 
great. ^ 

Jdentifi cation audiometry involves a considerable expenditure 
of professional time and equipment resources by school districts. 
The few existing studies on the accuracy of identification audi- 
ometry (Melnick, et. a^. , 1964; Wilson and Walton, 1974), have shown 
that through careful attention to equipment calibration, monitoring 
of ambient noise levels in the testing environment, and the train- 
ing and preparation of all testing and support personnel, the hearing 
status of elementary school children may be correctly categorized " 
95 percent of the time. 
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NATIONAL PREVALENCE OF HEARING IMPAIRMENT ' 

In an identification audiometry study of 7800 school-age chil- 
dren in the Renton, Washington, School District, Walton and Wilson 
(1972) found the following percent failures on initial screening: 
kindergarten-14.8 percent, first grade-13.2 percent, second grade- 
14.2 percent, third grade-9.7 percent, fifth grade-9.5 percent, 
eighth grade-1 1 .4 percent, eleventh grade-13.5 percent. Melnick, 
et. a^. , (1964) reported that 20.4 percent of 860 school -age children 
failed an initial puretone screening. It is noteworthy that tke 
children tested by the latter authors were familiar with the testing 
procedures and were examined in specially prepared, sound-isolated 
environments. 

In 1972, Gallaudet College published the results of a national 
survey of state identification audiometry programs and special edu- 
cational services for hearing impaired children and youth in the 
United States (Gentile, 1972). Twenty-three states reported suf- 
ficient data to permit the following extrapolations: 

(1) The median percent failing puretone screening 
equaled 7.6, with a range of 4.6 to 29.6 percent. 

(2) The median percent failing puretone threshold 
testing was 4.1, with a range of 2.8 to 6.1 percent. 

(3) The median percent referred for medical manage- 
ment was 2.6, with a range of 1.4 to 8.2 percent. 

CONNECTICUT PREVALENCE 

Data on Connecticut's identification audiometry programs were 



unavailable at the time of the Gallaudet study. Subsequently-, a sur- 
vey of the health services provided in Connecticut Schools during the 
1972-1973 .school year was conducted by^ the Departments of Health and 
Education. Reports on^jiuditory screening were received from fifty- 
six towns, representing 111,844 school -age children. 

Contrasting with the median values^reported for the nation, the 
percent failing puretone screening in cV^^^ticut ranged from 1 per- 
cent to 30 percent with a median , of "4.7 percent. The percent failing 
threshold testing was 2.2, and--the median percent referred to physicians 
was 1.5. Reportedly, testing was conducted at the following frequen-'* 
cies and hearing levels (ISO).: . 250 Hertz (Hz)-, 25 dB; 500 Hz, 25 dB; 
1000 Hz, 20 dB; 2000 Hz, 20 dBj'JoOO Hz, 30 dB 'Avail abl e space 
was utilized with no provision for sos.nd isolation. *- 

Considering the frequencies a:id hearing levels employed and the 
lack of sound isolated test environments, it is remarkable that so 
few failed. The single report of 30 percent failure is also of con- 
cern. Too low a pe>s^nt failure suggests a high false-negative cate-. 
gory (and under referral for medical and educational attention), 
whereas the report of 30 percent failuj^o suggests a high, false-positive 
category (and over referral). Both are causes for concern as to the 
validity of the identification audiometry being conducted. As expressed 
by many of the nurses and the speech and hearing clinicians involved in 
the testing, the identification programs suffer for want of proven 
models. . 

Local attitudes in Connecticut differ as to'whether an identification 
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audiometry program should focus on the detection of those children 
needing medical attention or on those , needing educational attention. 
Because of the prevalence of mid'dlfe--ear pathologies among children 
in the primary grades and the' frequency wi-th which such conditions 
eventually affect puretone sensitivity, ideally a mode^l program should 
include provision for both. Having previously examined/the accuracy 
of the American Speech and Hearing Association's (ASHA) guidelines 
for auditory screening programs in schools (Chaiklin, et_ al,.. , 1975i^ 
Wilson and Walton, 1^74), and considering the works V Randolph (1974), 
RenvalK'^^^TTT (1973), and Brooks (1968, 1969, 1971a, 1971b, 1973; 
1974) on the use of tympanometry with school children, it was con- % 

4 

eluded that joining tympanometry with the puretone procedures c^t- - 
lined" in the ASHA guidelines would provide the -basis for a compre- 
hensive, viable model. 



DEFINING THE PROBLEM 



Because of questionable reliability and validity, current iden- 
tification audi ometrj^ programs in Connecticut are suspect. Based on 
national prevalence data, it is probable that many primary age chil- 
dren with potentially educationally handicapping hearing impairments 
are not being identified in older that appropriate educational and 
medical attention may be obtained. Subordinate to this major problem, 
nine specific problems were defined and addressed: 

SUBORDINATE PROBLEM - 1 

Lacking a specific mandate for, and specification regarding pure- 
tone identification audidmetry in schools, current procedures employed 
in Connecticut lack coordination and discipline, resulting in a ser- 
ious under-identification of children with potentially educationally 
handicapping hearing impairments. ^ 

Background 

Identification audiometry is conducted in Connecticut schools 
under Section 10-205 of the General Statutes which mandates broadly 
that every child receive a physical examination at' least once in each 
three-year interval. 

Puretone identification audiometry procedures adapted to the needs . 
and facilities typical of the public schools were developed by the Amer- 
ican Speech and Hearing Association (Chaiklin, et aj[./l975) and the 
accuracy of these procedures were established by Wilson and Walton (1974) 



Procedures f 

The procedures developed by ASHA for conducting puretone iden- 
tification audiometry programs in schools were applied in a feasibil- 
ity study of their applicability to Connecticut, 

Measures 

Pass/fail ratios per grade level were compared to like data re- 
ported elsewhere (Wilson and Walton, 1974; Gentile, 1972; Melnick, et al 
1964), 

1 . ■ • , . . 

Goal 

\ The goal was to obtain pass/fail ratios within minus 1 percent and 
plus 3 percent of national prevalence statistics, 

- SUBORDINATE PROBLEM - 2 

J - 

Puretone air conduction audiometric procedures generally are in- 
effective in detecting mild, conducive hearing impaimfents. 

Background ^ ■ ' ' 

Children with "sub-clinical" losses in hearing sensitivity re- 
sulting from abnormal middle ear conditions may be undetected by con- 
> 

ventional audiometric testing .techniques (Eagles, 1972). Use of bone 
conduction audiometry is precluded by a lack of skilled personnel and 
sound isolated test environments. 

Procedures 

Tympanometry was employed as an objective technique for ascertain- 
ing middle ear status. 

. .13 



Measures 

Mindle ear pressure and compliance values obtained during a mass 
heay:>Tlg screening program were compared to relevant data in the lit- 
erature. 

Goal 

The goal was to determine the pressure and compliance values suit- 
able for recommendation as pass/fail criteria for children included in 
mass screening programs employing tympanometry. 

SUBORDINATE PROBLEM - 3 ^ " 

Personnel responsible for testing lack formal training and guidance 
in appropriate procedures and frequently utilize aides and volunteers 
in the actual execution of the puretone audiometry. 

Background . ' ■ 

State regulations and/or guidelines specifying -the qualifications 
necessary to conduct identification audiometry programs in schools 
do not exist. Personnel involved in the screening procedures need 
instruction and guidance in the operation of equipment, the factors 
affecting reliability and validity of test results, and direct super- 
vi s i on i n perfection o.f__techniq^^^ . 

Procedures 

All testing personnel included in the project received from eight 
to 12 hours of direct instruction in audiometric and tympanometry 
testing procedures. In addition, project audiologists provided 



"on-line" supervision and guidance during the course of the testing 
phase in order to assure that uniform test protocols were followed. 

Measures 

Measures of the effects of training were (1) observation of per- 
formance during the training and testing phases, (2) the number of 
personnel adopting the procedures presented, (3) the number of per-, 
sonnel completing the training phase and (4) the acceptance of the 
procedures as reported in an opinion survey. 

Goal 

The goal was adoption of the recommended procedures by a minimum 
of 50 percent of those completing training. 

SUBORDINATE PROBLEM - 4 

Educationally and medically significant hearing impairments in 
school-age children are not being identified; thus, comprehensive edu- 
cational and medical attention is not received. 

Background 

A composite model including puretone audiometric and tympano- 
metric techniques has not been field tested to determine the practi- , 

■--edb44^i"ty'i>f^-streh-f-or^i^^^ ization. — 

Procedures 

A composite model for identification of hearing impaired children 
in felementary schools* utilizing both puretone audiometric and tympan- 
ometric procedures was field tested in selected communities in Connecticut. 

10 " 



Measures 

Measures of the practicability of the combined model included (1) 
use of a questionnaire tc determine professional acceptance of the 
model, (2) measures of the time required per child for both types of 
testing, and (3) measures of the total number of children tested per 
time period allocated to each participating town. 

Goal 

The goal was to determine the practicability of the model and to 
have it adopted by at least two of the six communities which partici- 
pated in the study. 

SUBORDINATE PROBLEM - 5 

Excessively time consuming audi ometric screening programs disrupt 

r. 

class and school routines, impairing public and professional acceptance. 

Background ' " ■ 

Rapid and accurate identification procedures are needed in order 

that attention may be obtained quicldy and supportive attitudes de- 
vel oped . 

Procedures 

-to- reduce the testinrg time required , aides and volunteers were 

used for traffic management, data recording, and as .integral members 
of coordinated testing teams. The teams were composed of aides' and 
volunteers, nurses and speech and hearing personnel (who performed the 

_^etuaV'-t€s4i nglr -afid^-4€ast-Gne~member-ot4^TAW 
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Measures 

Efficiency was determined by the time required per child for both 
tympanometry and puretone screening, as well as the total number of 
children tested per day, per school. Measures of accuracy were the 
agreement between pass/fail ratios obtained in this study and the 
data in the literature for similar testing procedures. 



Goal 




Given that all Kindergarten, first, second, third and fifth-grade 
pupils were to be tested from a minimum of five schools per partici- 
pating town, the goal was to test an average of one child per minute 
utilizing three teems simultaneously. 

SUBORDINATE PROBLEM -6 ' 

Normative data do not exist for the pass/fail ratios or the pres- 
sure and compliance values to be expected from a combined puretone- 
tympanometry screening model . 

Background r 

A broad, normative data base for a combined 'pure tone-tympanometry 
model is needed in order that statistically justifiable and practicable 
criteria may be established for differing elementary grades, sex, 
socio-economic levels, and ethnic/racial comparison^. 

Procedures 

The necessary data base was provided by six Connecticut communi- 
ties with at least five elementary-schoals per-communttjr.^^^- — 
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Measures 

The percent ethnic distribution, the choice of schools and towns, 
and the total number of elementary school children per grade were 
measures employed to determine the composition of the data base. 

Goal 

The goal was to obtain a data base representative of the various 
populations within Connecticut. 

SUBORDINATE PROBLEM - 7 

Melnick, et al. (1964) and Wilson and Walton (1^974) independently 
have stated that approximately 50 percent of those falling an initial 
.puretone screening will pass when re-screened within a ^seven-day 
period. Such data do not exist for a combined puretone-tympanometry 
model . 

■ •?. ^ ■ • ' • 

Background - \^ 

In order to reduce the percent of over referrals, it is neces- 
sary that the screen- rescreen pass/fail ratios for a combined puretone- 
tympanometry model be determined. 

Procedures . * 

-ChtTdren* failing either a puretone screen+ng-or ^Ttymp^ometric- ' 

screening ^received a rer-screening within seven calendar days. 

Measures . - . • 

The screen-rescreen pass/fail ratios for puretone screening and 
tympanometry were determined. 

18 



Goal 

The goal was to determine the reduction of false positives 
resulting from a rescreening of all initial screen failures. 



SUBORDINATE PROBLEM - 8 

.Conductive hearing problems -are seasonally related, yet auditory 
screening programs are often conducted throughout the school year. 

Background 

Because of difficulties associated with the scheduling af personnel, 
s p dc e , a n d e quipment, it is -tisii»ll^- eons4^red-infeasfbl e to compress 
auditory screening into a limited number of days or weeks during the 
school year; yet seasonal effects upon the results are unknown. 

Procedures 

Approximately one-half of the total number of students were tested 
during the late winter months and one-half were tested during the 
spring months. •• 

Measures 

Pass/fail ratios per test were compared for the winter and spring 
months. 



Goal 

The goal was to determine the relative effects of these >^seasons 
on puretone and tympanometric screening conducted during the winter 
and spring months. 
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SUBORDINATE PROBLEM - 9 ^■ 

Inordinate time lapses between the identification of a problem 
and the initiation of educational and/or medical attention negates - 
the identification effort. 

Background 

To minimize the time lapse between the identification of a child 
at risk and the provision of appropriate attention, efficient and 
effective administrative procedures are needed. 

Procedures 

Procedures were developed to inform the nursing and the speech and 
hearing personnel within two weeks of the conclusion of testing as to 
the performance of each child. Scheduling constrlints restricted the 
time available for testing per town to a, maximum of two weeks. There- 
fore, the greatest time lag between the initial screening of a child and 
the presentation of his results was approximately four weeks. 

Measures ^ ^ _ 

Measures were made of the time-lag between the completion of test- 
ing and the presentation of the individual test results to the respon- 
sible district personnel. 

Goal 

The goal was that no more than fourteen calendar days elapse 
between the completion of testing and the presentation of results. 
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AN APPROACH TO THE PROBLEM 



PERSONNEL 

The TAMI project was administered by representatives from six 
school districts in cooperation with the members of the TAMI staff. 
Each participating district had a central coordinating committee com- 
posed of at least one administrator, a representative of the speech 
and hearing staff, and a representative of the nursing staff. Among 
the committee's responsibilities were: scheduling of the test days 
and times, transferring of equipment between schools, coordinating 
with school principals, arranging for training sessions, preparing 
parental-release forms, and arranging for and super^vising the test- 
ing and volunteer personnel. 

The TAMI staff consisted of a director, assistant director, and 
several consulting audiologists._ Each member of the staff held at / 
' least the academic requirements -for the Certificate of Clinical Com- 
petence in Audiology from the American Speech and Hearing Associati or . 
These individuals worked in conjunction with a facilities coordinator 
who informed the project staff of the physical arrangements and test- 
ing constraints at each of the schools. The staff's primary respon- 
sibility was to provide the instruction and supervision necessary to 
assure uniformity in testing procedures within and between districts. 

Each district provided nursing and speech and hearing personnel 
to perform the testing. Aides and volunteers were also provided to 
record data, manage traffic, arrange facilities, and sterilize eartips 
TfTe^staff of each district was divided into teams, and usually three 



ADMINISTRATIVE ORGANIZATION 




DAT* KCOroWS, TMFFIC WWStlKHT, F»CIUTIIS »l«WlietWHT »HD fVC «»Tlf STtWliaXKm 

> FIGURE 3.1 

♦ 

teams operat^^'multaneously in one school .for initial screening 
but in different schools for rescreening. Figure 3.1 illustrates-. 
the administrative organization of the project, and Table 3.1, pre- 
sents, the numbers of persons involved fj^m each of the participating 
districts., ' ' ' 

SUBJECTS 

A total of 8,528 chi .dren from 32 elementary schools, represent- 
ing six Connecticut towns, participated in the project. The towns 
and schools were selected to represent a wide range of uftan-suburban 
and rural populations, ethnic-racial distributions, and socio-economic 
levels. The specific choice of schools was made hy the local super- 
visory *and administrative personnel in cooperation with the project 

, ■ 22 

director. 
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All children in the Kindergarten, first, second, and third grades 
from the participating schools, who were present on the days of testing, 
were included in the study/ In addition, some fifth-grade pupils and 
a few pre-schoal and fourth graders were also ^included. In accord- > 
ance with local policy, parental permission was usually required. 
With the exception of those having known hearing problems, all chil- 
dren received ^udiometric and tympanometric screenings. Those having 
a record of myringotomy with tube insertion received only puretone , , 
screening and those with known sensori -neural losses received onTy 
tympanometric screening. Of the total screened, 7,928 received both 
puretone and tympanometric screenings, 512 received only a puretone 
screening and 88 received only a tympanometric screening. Tables 
detailing the population b^ type of test, town, grade and ethnic 
,jroup are presented in Apperfdix I, Table 7.1. - 

- PARTICIPATING PERSONNEL - • 



■ 1 

School District 


Speech &, Hearing <= 
Clinicians 


Nurses 


, Volunteers 


1 


8 


6 


72 


.2 


7 


4 . 


75 


3 


10 


,10 


45 


4 


• 16 


, 3 


53 


5 




5 


65 ' 


6 


13 


15 




Tatals 


59 


43 


352 



1-ABLE 3.1 



EQUIPMENT 

At least one week before testing began In a district, an initial 
calibration check of all puretone au'dlometers was made by project 
personnel to determine tlPfat the units met ANSI 3.6-1969 specifica- 
tions for frequency, intensity, and attenuator linearity. In addi- 
tion, all audiometers were Evaluated subjectively as to their mech- ^ 
anical and electrical integrity. During testing, all audiometers were 
checked daily for mechanicrl and electrical integrity, and were re- 
checked for intensity and lineanty if validity were suspect. 

The audiometer calibration equipment consisted of a Bruel and 
Kjaep (B&K) type 2209 Impulse Precision Sound Level Meter, a model 
1613 Octave Band Filter, a Type 4152 Artificial Ear, a Type 4144 
• Xondensor Microphone, and a General Radio Mode 1192B frequency 
" counter. Intensity accuracy of the sound level meter wa^ checked 
with a B&K Type 4220 pistonphone. Samples of the calibration forms 
are included in Appendix III, Section, 9. 7. 

Environmental noise measurements in the rooms used for puretone 
testing were made with a B&K Type 4144 condensor microphone, a Type 
2209 Impulse Precision Sound Level Meter and a Type J613 Octave Band 
Filter. To reduce vibration bias, the equipment was mounted on 'a 
B&K tripod Type 0049.. The measurements were made at the approximate 
location of'a child's ear during testing. A copy of the form used 
for recording the noise level measures is found in Appendix III, 
Section 9.8. . . 

Fouf American Electromedics (AE) Impedance Audiometers were used 
during the project, two AE model Si's and two AE model 83's. To pr'o- 
duce permanent tympanograms , each impedance audiometer was electrically . 
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coupled to an A€ model 612 dedicated XY Recorder. At most, three sets 
of equipment operated simultaneously on any one day. Typically, the 
same impedance audiometer and recorder were paired together. 

A variety of makes and styles of eartips were used for procuring 
a hermetic ear-canal seal. Jerger (1970), in a study of 400 patients, 
disi..ontinued the use of hard rubber tips in the f&vor of silicon tips 
and found that the latter type facilitated the establishment of an 
adequate seal. Richards and Kartye (1973) used soft plastic, hard 
plastic and foam eartips. The results indicated comparable measure- 
ments of acoustic impedance compliance and auditory reflex threshol-ds 
with, all three types of tips. Soft and hard plastic, however, tended 
^to produce more reliable compliance on lest-retest than did-^;the foam 
type. Brpoks (1971a) reported that the depth of insertion of the 
tip in^o the external auditory canSl had no discernable influence 
on compliance values. ^ - 

TESTING FACILITIES 

With the understanding that the TAMI model was for mass screen- 
ing to be conducted within a limited time period, the supervisors in 
each district were prpvided with a set of guidelines for the selection 
of facilities and instructed to choose rooms which could accommodate 
three tympanometry and four puretone screening' stations simultaneously 
(cf i , Appendix II, Section 8.1). A project consultant then visited 
the schoolsin each district to assist in the final selection of appro 
priate rooms* .Speech clinicians and nurses., under the direction of 
the school's principal, assisted in the selection. 




Amen can Electromfedics^Modfel 8 1 
Impedance Audiometer. 



i 



BrueV & Kjaer Type 2209 
Impulse Precision Sound 
Level Meter, 




American Electromedics Model 622 
Tympanograph Recorder 
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Room Size ^ v 

In order to accommodate three tympanometry screening stations 
simultaneously, a^room approximately 40' x 60' was selected. Gener- 

o 

ally, this was a gymnasium, auditorium, cafeteria, or multi-purpose 
room. For puretone screening, a facility was chosen that provided 
adequate space for four portable audiometers, such as a library or 
large classroom. Occasionally, the puretone facility was the audi- 
torium stage which was separated from 'the main room by panels or 
curtains. 

Location of Room 

Care was taken to locate the puretone testing in a room rela- 
tively free of environmental noise. Thus, the room chosen was as 
far as possible from stairways, playground. Kindergarten, cafeteria, 
or the" gymnasium. Some of the facilities utilized for puretone test- 
"ing would be. 'described as adverse. ^Njevertheless , frequent moni^toring 
of ambient noise levels using a B&K Type 2209 sound leveVmeter es- 
tablished the adequacy of the environments for puretone testing at 
the intended screening frequencies: 1000, 2000, and 4000 Hz. 

<^ince tympanometry is essentially unaffected by ambient noise, 
the requirements for this room's location were far less critical. 
However, for efficient traffic management, generally' the two rooms 
were in close .proxinflty. „ ,r . 

Electrical Requirements 

. Sufficient electrical outlets were needed to meet the powef- 
.requirements of seven pieces of equipment i^ the tympanometry room 
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and four pieces of equipment in the puretone facility without. over- 
loading any single circuit. 

Furniture * 

Each of the three tympanometry station's required one large table 
(approximately 3* x 6*) and four chairs. Each of the puretone test- 
stations required one large table (or two desl^s) and two chciirs. 
Additionally, two 3' x 6' tables with chairs were needed , for regis- 
tration, form retrieval and miscellaneous data recording. 

PROJECT EXECUTION 

Coordination Phase 

Several coordination and planning meetings were held by the 
project's central staff with the districts' representatives before 
any testing was begun. Packets containing sample forms for schedule 
development and test administration procedures were distributed at 
these times. Examples of these' forms are found in Appendix III, Sec- 
tion 9.9. Additional meetings were held by the project director with 
school administrators to explain the purpose of__thi project and the 
Vprocedures involved in puretone and tympanometric screening. 

>■ • 

Training Phase 

A one-day workshop was held in each district approximately one 
week prior to the initiation of screening. Attendance was required 
of all speech and hearing clinicians, nurses, and parent volunteers 
to be involved in the project. In all, 59 speech clinicians, 43 
nurses and 352 parent volunteers participated in the workshops 
(TabTa 3.1). ' 
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As an introduction, the director explained the rationale for the 
project, the roles of the participating personnel , and the anticipated 
results. A slide presentation on puretone screening, tympanometric 
screening, ^and data recording procedures was used to clarify the, roles 
of the testers and volunteers and to present some of the specific re- 
quirements of each task. The remainder of the first session was spent 
attempting to develop uniform puretone screening and threshold pro- 
cedures. To reinforce the desired puretone testing protocols, mimeo- 
graphed outlines of the procedures to be followed were distributed 
and time was allotted for demonstration and questions and answers 
about the procedure? (Appendix II, Sections 8.2-8.4). 

The purpose of the second session was to familiarize the testers 
wi.th the equipment employed fn tympanometry and to standardize pro- 
cedures. A- presentation on the theory of tympanometry was followed 
,by a demonstration of tympanometric screening and individual prac- 
tice with the equipment. Again i a mimeographed outline, detailing the 
standardized procedure, was .distributed (Appendix IX?__Secti^ 

Testing Phase ' ^ 

Personnel . All screening was the responsibility of the speech 
clinicians and nurses of the local district, under the supervision of 

the three consulting audiologists on the project staff. Data record- 
ing, traffic management and eartip sterilization were the responsi- 
bilities of parent and/or student volunteers. Noise measurements 
in the puretone screening areas were the responsibility^ of project 
audiologists. 




Scheduling . The screening was carried out within each district 
during a two-week period, and within a given school with-in two days. 
On the, initial day approximately 300 students were screened audio- 
metrically and tympanometrically at a rate of about one per minute 
tising three tympanometers and two puretone audiometers simultaneously, 
the order of testing between puretone and tympanometry was reversed 
f^r approximately one half of the total tested. All absentees and 
those failing to meet the pass criteria on either puretone or tympan- 
om^tric screening were re-scheduled for testing on the second day. 
AllUhildren who failed the puretone screening on the second day re- 
ceived an immediate threshold test. 

\Melntck, et at. (1964), and Wilson and Walton (1974) have demon- 
strate that the number of first-screen failures on puretone audiometry 
^y be! reduced 50 percent by rescreening. Thusrto reduce the number 
of bveV referrals, the rescreening was accomplished usually within 
three d^iys afte*- the initiaj screening. In two districts, however, the 
first and second screening days were separated. by seven days in order 
to sanipl^ the scre^n/rescreen reliability of tympanometric results 
across a ^|onger span of time." In these latter two districts, repeat 
tympanigra^ms were recorded for all first and second graders. 

I I ■ ■ • . . 

T^sts \Completed . All testing was conducted between February 1st, 



and Jure 15^h, 1974. During this period more than 21,000 tests were 
adminiJterecii in a total of 57 days. Of the total tests administered, 
there Were aj^proximately 11,000 puretone screening tests, 10,000^ 
tympanoLietricj screening tests, and. 1,000 puretone threshold tests. 
The meak numbfer of puretone screening tests administered per test ' 
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day was 196, with a median of 199 
and a modal value of 274. The mean 
number of tympanometric tests admin- 
istered per test day vras 190, with a 
median value of 191 and a modal val- 
ue of 274. The mean number of 
threshold tests administered per day 
was 27 with a median of 26 and a 
modal value of 26. 



Puretcme Screening . All audiometers were turned on at least one 
haJf hour prior to the initiation of testing and were checked for 
mechanical and electrical j'ntegrity. Purelone screening procedures 
were the same on both the initial and the rescreen days. 

Puretone scree ling consisted of checking for a response to pure- 
.tones of 1000, 2000 and 4000 Hz in each ear at a level of 20 dB^ HL at 
1000 and 2000 Hz, and 25 dB HL at 4000 Hz (re: ANSI standards). In 
practice, the testers were instructed to screen at 20 dB HL at all 
frequencies. If the child did not respond to 4000 Hz at that level, 
the level was then increased to 25 dB HL to determine whether the 
child passed or failed that frequency. 

After instructing the child as to the method of response, the ear- 
phones were positioned on the child's head and he was trained to re- 
spond to a 1000 Hz tone at 40 dB HL. When necessary, reirrstruction 
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was provided. With rare exception, the children were easily trained. 
After training, the tonal intensity was quickly reduced to 20 dB HL - 
and the tone presented for 2-3 seconds. The basic procedure was then 
repeated for 2000 and 4000 Hz in the same ear, and then for 4000, 
2000 and 1000 Hz in the opposite ear. A test ear-effect was controlled 
for by alternating the-initial test-ear of each successi\/e child. 

Since three presentations were permitted at each frequency, fail- 
ure at one frequency was defined as a lack of response to at> least 
two-of -three tonal presentations. Failure to respond to any one of 
the test frequencies, in either ear, necessitated a rescreening. Fail-' 
ure to meet the same criteria at rescreenin 

test. All rescreening examinations were performed within seven cal- 
endar days of the original screening, and all threshold tests were 
performed on the same day as the rescreening. 

Tympanom^tric Screening. Three tympanometric test teams operated 
simultaneously in a given school. Each team consisted of two testers 
drawn from the districts' nursing and speech and hearing staffs, one 
parent volunteer for data recording, and a supervisor from the project 
staff. One tester obtained an ear-canal seal while the other operated 
the tympanometric equipment. By this means it was possible to t )t 
one child per minute per team and to provide opportunity for each 
tester to gain experience and facility in all facets of tympanometric . 
screening. Other^volunte- ^ were used for traffic management, data 
checking, and sterilizatii's of the eartips. The equipment was arranged 
and calibrated daily. by the testers and. the project staff . 



Each child to be tested was directed individually and arbitrarily 
by a volunteer to^one of t^e three teams. One tester examined the 
child's e^rs for superficial wax and estimated the size of the child's 
excernal auditory canal. Excessive wax at the lateral margin of the 
canal was removed with sterile swabs. No attempt 4vas made to remove 
wax deep within the canal, or even to determine if it was present. 
There wa? no systematic control for the order of ear to be tested. A 
sterile eartip was placed on-the tympanometer probe and a hermetic 
seal attempted. ^ 
. Almost always an air-tight Seal was affected inmedia^tely. _A_. 
seal was considered acceptable if the needle of the manometer held at 
+200, or decreased by no more than 20 rtBin H^O withm^^ 
i ntrqduci ng +2ilQ -m-H20^ equlval ent air pressure fnt© t^e^nal I When 
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difficulty was encountered in obtaining a seal ^ different sizes and 
styles of eartips were tried and the equipment checked for air- 
pressure leaks. If a seal could not obtained vijithin 60 seconds, 
"could not test" was recorded for the particular ear(s) and the chijd 
was scheduled for re-exattii nation. 

Tympanometry Pass/Fail Criteria . Initial pass/fail criteria used 
during the project we're bashed or. a review of data in the literature . 
where the selected pressure gut-off values were found to range from 
-80 mm of water pressure to -200 mm, depending upon the ptopulation 
studied. Renvall ,'et; al. , (1973) in a dual pilot study of 200 ears 
„ojL_se«en^year-oWs aR4 206 ears of ten -year-olds , consl^red'a ~ 
tympanogram as pathoTogical when the peak occurred at pressures more 

a 
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^ Probe with tip is inserted in the ear canal. 




With the probe in plac^, tympanometry testing 
takes only a few seconds\ 
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negative than -80 mm of water. Feldman (1974, private comnuni cation)^ 
recommends -80 mm as the pass/fail point. Among the authors using 
-100 mm are Jerger', Jerger and Mauldin (1972), Porter (1974), Jerger 
(1970), Marker and Van Wagoner (1974), McCandless and Thomas (1974), 
and Blues tone. Beery, and Paradise (1973). Ranclolph (1974, private 
communijpation) recommends the use of -160 mm, while Brooks (1969), in 

a study of 1053 children, from ages 4-11 years, used -170 mm, 

•» ■ - ' • • 

Reviewing the works of McCandless and Thoma^ (1974), Brooks (1973) 
and Randolph, et al* , (1974), among others, it was noted that generally 
81 percent agreement between otoscopic and impedanceVresults^ had been 

INITIAL PRESSURE-COMPLIANCE CRITERIA 
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FIGURE 3.2 



obtained using'^air pressure failure criteria between -100 and -200 mm 
Hgd. Considering this agreement between otoscopy and impedance aud- 
iometry, the uncertainty of accomplishing logica^ referrals for those 
identified, the seasons of the year during which the project was to 
be conducted, and the mass-screening nature of the project, -160 mm . 
and +100 mm H«0 were cKosen as conservative first-approximations for 
air pressure pass/fail cut-off values. Based upon Randolph's data, 
an arbitrary first-approximation failure criterion for compliance 
was set at "7" (oft the American Electromedics scaling). These values 
are shown in Figure 3.2 by a^ solid rectangle together wi th> the, con- 
ventional AE pass/fail figure. It was ijjt^ad that these values be " 
re-examined at the conclusion of the project _and that specific rec- 
ommendajilons be made for pass/fail criteria to be used with tympanome trie 
screening programs in schools. 

... Tympanometry Data Recordi ng . Data;; were recorded which id^pti^ed 
the child, date and type of test, the equipment utilized, the approx- 
imate pressure and compliance values for the, peak of the tympanographic 
plot, the 'general shape of tfie plot, and af overall conclusiyn about 
the results for>each ear. The general conclusion of "pass," "fiail," 
"inconclusive," or "could not test", was the basis for cjeciding if 

' rescreening were necessary*. - '■■■>. " ' 

~ A^gridded acetate-^erl^a^y-was- pTax^ed^tt ^ibe^ 

for determining the'pressure and^GQratiTiahQe cQqrdi nates of the peak 

- . ' . - ,- - . ■ ^ — — ^ — 

and whether the tympanograph met the pass criteria. To facilitate 
use, the overlay divided the pressure. scale < horizontal axTs) into 40 



A chart of the middle ear pressure-compliance 
relationships is produced on. the recorder- ^ 




Classification of the tympanometry results ^s^ 
facTTTIfatexHri^yv-^^ sheet placed over 
the chart. 
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regions of 2a mm (HgO) each and the compliance scale (verMcal axis) 
into 20 regions of 0.5 units each .(American Electromedics scaling). 
A set of four digits (two for pressure and two for compliance) iden- 
tified the cell within which the peak wafis located. For reporting 
purposis all__values were converted back into their respective pressure 
and compliance units. Difficult to evaluate tympanographs were re- 
ferred to the consultant in charge of the particular team. 

Tympanographic configurations considered distinctive enough for 
classification were, "flat," "rounded, "V'peaked," and "off-limits" 
(Figure 3.3). Hyper-compliant ears ("off-limits") were given a com- 
pliance value of "01" and a pressure value- equal to that obtained when 
the sensitivity of the impedance audiometer was reduced ("Ad" position) 

TYMPANOGRAPH SHAPES 

FLAT ROUND 




PEAK QFF-LIMJTS 




FIGURE 3.3 



and the tympanometric testing of the ear repeated,' "Flat" and 
"rounded" tympanographs were assigned pressure and compliance values 
most representative of the hi^ghesi excursion of the pen (i.e., ihe 
lowest obtained compliance value), - " 

Children not passing the tympandgraphic screening in both ears 
on the initial day received at complete tympanometric rescreening on 
tbe second (Jay.. First-day absentees, and those for whom' the results 
were "inGonclusive," were also scheduled for testing on the second 
day. ^ 

Audiometric Threshold Testing . All who failed the pure tone 

screening on the second test day received an immediate threshold test 

[on the ear(s) not meeting the screening criteria. Testers were in-' 

structed to obtain- thresholds above. 10 dB HTL at 500, 1000, 2000 

* 

and 4000 Hz using the Hughson-Westlake technique (Carhart and Jerger, 
1959), ^ ■ 

The Vthreshold test results? at each frequency and the speech- 
frequency av.erage (500, 1000 and 2000 Hz) were recorddft for each 
tested ear. A pass/fail decision for each car was based on the thres- 
hold-results obtained for each of the test frequencies employed^ An 
ear "failed" if a threshold greater than 25 dB HTL was obtained , at 
4000 Hz, or if thresholds of 15 dB or greater were obtained at two 
or more of the other test frequencies. 

Daily Calibration . Each day the puretone audiometers^ received 

r 

a gross /calibration check after being allowed to warm up for at least 

'a peak was observed in every instance when the testing was re- 
peated with reduced sensitivity. ^ * . 

' -it 
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thirty minutes. Th testers were instructed to recheck the calibra- 
tion if during the day two or more consecutive children failed screening 

at a particular frequency. Suspect audiometers were either recal^i- 

brated or replaced with units known to be in calibration. 

The manufacturer's recommended procedures for calibrating the. 
impedance audiometers were followed after the equipment was allowed 
to warm up for at least thirty minutes. Each impedance audiometer 
was alignedjjfi^th ,its associated X/Y recorder prior to the testing 
and whenever the recorder pad had to be replaced. To guarantee 
equivalent results between the sets of impedance ^audiometers , between- 
set comparisons were al^o done daily prior to the testing. Several 
pressure calibrations were made daily. These procedures, as well as 
the^correction of minor maladjustments in the equipment (e.g., air 
pressure leaks due to cracked rubber tubes) were performed by the 
testers under the supervision of the project staff. 

Noise Measurement s Since none of the puretone testing rooms were 
sound treated, periodic environmental noise measurements were made to 
assure that the level of background noise remained below criteria. 
Measurements were made using a B&K Model 2209 impulse precision sound 
level meter and a Model 1&13 octave filter. The equipment wets mounted 
on a tripod to reduce vibration bias and th^n placed-at a position 
approximating the child's ears during testing. 

Measurements were taken at least three times at each test site: 
once before the testing, once at the mid-morning recess, and once 
during the early afternoon when the children were often on luncheon 

T 
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breaks. Thus, the measured noise levels represented both the ideal 
and the worst possible conditions under which tests might ^e_cgji<^^ 
Measurements were made also when any new extraneous noise sources 
(e.g. J, external construction equipment, lawnmowers) were operated 
in the vicinity. Whenever the measured noise exc^eeded 52 d^A, the 
testing was halted until the noise was reduced. - ^^f^ . 

Measurements were made on the linear, dBA, and dBC scales and 
at 500 Hz. The median noise measurements for each site are foXind in 
Appendix I, Table 7.5. 

Eartip Sterilization Procedure . As a protection against the 
transmission of bacteria from child-to-child, all soiled eartips were 
placed in a sonic cleaner (Hal-Hen Model 2189 T-3) and agitated for 




five minutes in a fresh, one-percent solution of Zephiran Chlori- 
The tips were then rinsed in a dear Water bath and blotted between 
towels to remove excess water. Next, pipe stem cleaners w.ere used 
to remove any water bubbles remaining within the tip, and, finally, 
the tips were dried with a commerctal hair dryer. Thorough drying 

of the tips was necessary to maintain proper functioning of the 

__ ...\ • __ 

tympanometric equipment. ' ^ 

Follow-Up Phase ^ 

Data Distribution . Following the completion of testing in a 
district, the information marked on the TAMI' data forms was read 
optically onto magnetic tape for computer analysis. The results for 
each child were listed alphabetically by schpol and grade to facili- 

i ' ^ 
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tate use within the district, the typical time lapse between the 
completion of testing and the delivery of the results to a given town 
was two and one-half weeks. Subsequent consultation with each dis- 
trict was provided by the project staff to aid in the interpretation 
and utilization of the data. 

Suggested Fol low-Up . Follow-up suggestions for each child were, 
included on the student listing. Examples of these suggestions are 
found on the sample print-out sheet (Table 4.2, A.SaVt)). Separate 
statements for educational and medical attention were included for 
the puretone air^conduction screening, the tympanome trie screening; 
and the puretone threshold testing. Sample referral forms and an ex^ ^ 
planatory note on tympanometry were also provided for distribution to 
the individuals and/or agencies to whom the identified children were 
to be referred. Ultimate decision on whom to refer was left to the . 
district personnel V 

Data Analysis . For evaluation of the model, the data were analyzed 
by town and then aggregated across the six towns. The results of the 
various tests were compared with other known information on each 
child (i.e., age, sex, grade, known hearing status, ethnic back- 
ground, and the number of absences' accumulated in the school year). 
Attitudes towards tympanometry and the model in general were sampled 
via questionnaires sent-- to the speech and hearing clinicians and to 
the nurses involved in the testing and to representative school and 
district administrators. ^ 
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FINDINGS OF THE STUDY 

As a feasibility study from which a variety of professionals 
might profit, certain guidelines were established for examining the 
data. First, hoping that the results might be useful to school 
audiologists and/or speech and hiearing clinicians, the results are 
presented in roadily available tables and figures. Second, we tried 
to avoid examining the data more closely, or generalizing more 
broadly, than was justified by either the experimental design or by 
the experimental controls. Third, wherever possible, extensive 
tables, descriptive materials, and sample forms are relegated to the 
Appendices. For comparative purposes, puretone screening, puretone 
threshold, and tympanometry results are presented simjiltaneously by 
topic. Find! Cigs unique to a particular test are then presented, 
followed by a proposed set of tympanometry pressure and compliance 
values for general screening. ' 

GENERAL ANALYSES 

Pass/Fail Ratios ^ 

The pass/faiJ ratios obtained for all of the subjects for each 
of the tests are presented in Table 4.1. Children who failed the 
initial screening and subsequently passed the rescreen were co.^nted 
as "pass." As shown, 10.8 percent failed the puretone screening and 
91.7 percent of those failed the threshold examination. Based on the 
total receiving a puretone screening, 9.6 percent fajled two screening 
tests and a threshold examination. Approximately 20 percent of those 



PASS-FAIL RATIOS PER TEST 



PASS 



FAIL 





-No. 
Tested 


No. 


% 


' No. 


% 


PURE TDNE SCREEN. 

s 


8440 

*•> 


7524 


m 


916 


10 J 


THRESHOLD 


881 


73 


8.3 


808 


91.7 
(9.6) 


TYMPANOMETRY 


8016 


6391 


79.7 


1625 


m 



TABLE 4.1 



%0F TOTAL GROUP (N=8440] 



receiving tympanometric testing failed to meet the pass criteria*^ 
Initial screenihg versus rescreening performance for puretone 
testing and tympanometry are emphasized in Figure 4. K As shown, 
77.9 percent passed the initial puretone screening and 71.0. percent 
passed the initial tympanometry screening. The number falling in- 
itially but passing the rescreening was 11,3 percent of the total 
for puretone screening and 8.7 percent for tympanometry. Almost twice 
asmany (20.3 percent) failed two tympanometry screenings as failed 
the puretone screenings (10.8 percent). Two-ear failures were more 
than twice as common for tympanometry (11.9 percent) as they were ^ 
for puretone testing (4.6 percent). , ^ 

Computer-prepared listings of the children's test performance, 
together with, suggested referral statements, were supplied to the- 

local nursing and speech and hearing personnel. Samples of the list- 
ings (with names censored to preserve confidentiality) and the assd- 
ciated legend are presented in Tables 4.2* 4.3a and 4.3b. 
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Grade Analysis ' • ' - 

Performance by grade on the respective- tests fjS shown in Figure 
4.2. Improved performance with- increa^'d grade is„pvident for all,/ 
three cests but most pronounced for tympanometry, ^rom Kindergarten 
through grade five,'>the percept failing puretone screening decreased 
from 17.2 to 6.6< Similar Results are shown for tympanometry where 
the slope of/ the curve approaches that for puretone screening but 
appears "to asymptote somewhere beyond the fifth ji^ade. The implica- 
tions with respect to probable middle ear pathology among the children 
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in ^ny identification audiometry program are obvious. Chi-square 
tests between the pass/fail ratios for the respective tests and grade 
level were significant beyond the 0.001 level of confidence. Tables 
detailing :thepuretone and tympanometric screening results per grSde 
and town, are found in Appendix I (Tables 7.6 and 7.7). 



Seasonal Effects. 

Testing was conducted during the second through si^xth months of ^ 
1974.* To examine the relative seasonal effects, the data are pre- 
sented in Figure 4.3 by town in the order tested. Children from the 
three towns testcsd during the late winter months manifested a higher 

"^percent failure on tympanometry than did those tested in the spring^ 
months. From February through March,. an average of 24 percent failed 
In the three towns tested. Two weeks passed before the next town was 
tested,' and the ^percentage then- dropped to a mean of 17 percent for 
the mid-April to early-June period.: Graphs of the compliance and 
pressure values obtained during the two seasons are presented in Fig- 
ure 4.4. Means for the respective distributions are shown by lines 
drawn perpendicularly to the respective axes. Not only did middle 
ear compliance increase dgring the spring compared to the winter months, 
but so also did middle eai^air pressure. 

In contrast to the change in performance observed for tympanometry, 

^uretone screening results, remained essentially the saime throughout the 
period^ of testing. * Although sampling was conducted <Iuring ai period 
when upper respiratory infections seemed the rule, and again during a 
significant allergy season, virtually no difference was detected in the 
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percentage failing puretone screening as, a function of the month of 
testing. The percentage of children at any one time who evidenced 
an educationalTy significant Tearfr^^^^^^^ due to colds or allergies 
did npt~chan|e, despite the increased prevalence of middle ear path- 
ologies during the winter as evidenced by tympanometry. 

Analysis by Ear 

■ There were no observable ear-effect trends for either puretone 

"/ 

screening or tympanometry. -;Statistical tests for ear-effect were 
not significant. <>■ " 

Test Results by Sex 

There was no significant difference between, the puretone screen- 
ing results for males and females. Based on 8,399 cases, 12.1 percent 



of the males failed and T2.5 percent of the females failed. When con- 
STdering the puretone test-retest reliability of those failing the 
Initial screenings, again there were no significant differences be- 
tween the performances of males and females. The lack of a sex dif- 

ference for puretone testing was in contrast to the results obtained 

' ' ' 1 

fpr tympanometry, where a slight effect by sex was observed. 



Vor a discussion on this subject see Pressui^e and Compliance by 
Sex under the section on tympanometry results. 



COMPLIANCE & PRESSURE VALUES 

"SEASONAL" EFFECTS (LEFT EAR) 
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Known Status of Hearing 

Among the items .of general information asked about each child 

was a question on the known status of hearing. With "Yes" (child 
has a known loss), "No," and "Unknown" for choices,. the latter two 
categories were selected mor^ often. Whether the selection resulted 
from factual knowledgev'suspicfon, impression, or ej^jaediency was be- 
yond 'our control. Though admittedly an imprecise survey, we felt a"^ 
comparison of the so-calle.d known status with the obtained test re- 
sults was justified for trend analysis. 

Table 7.8 (Appendix irsurilnarizes the7^§uWl5t^waTlW"the 
. known status of each child's hearing with his/her performance by test. 
The categoHes of "No" (child has no loss) and "Unknown" are combined 
as "Unknown." As listed under the "Total Fail" column, 863 children 
failed puretone screening who were not known to have hearing problems. 
This number, which repres^ents 89.8 percent of those failing puretone 
screening and 10.5 percent of the total screened, constitutes the new 
identifications resulting from the use of t!?e ASHA puretone screening 
procedures. New identift^ations^y tympanometry totaled 1493 (i.e.» 
94.8 percent of those failing tympanometry and 19.3 percent of the 
totaT screened). Since only one-in-ten of the puretone' screening 
failures and one-in-twenty of the tympanometry screening failures 
were suspected of having problems, doubt is cast upon referral as a 
primary mechanism for identifying hearing-impairod children. 

Having noted -that test performance was grade-related ,\f^extract- 
ed from Table 7.8 the percent who failed each test and whose hearing 
status was unknown prior. to testing. Theresults, shown graphically 
in Figure 4.5, show a definite grade relationship. Regardless of why 
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a given child^s hearing status was considered jjnknown, and even going 
so far as to challenge the validity of the entire decision process, 
it is alarming, that the poorest estimates of hearing status were made 
for the youngest children. Not only is referral indefensible as the 
basis for the identification of children with hearing problems, but so 
ajso is the exclusion of the youngest children from an identification 
aLjdiometry program. 

UNKNOWN RiEARING PROBLEMS 
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Mel nick, et_ ail_. (1964), evaluat<i^ng a recommended identification 
audiometry scheme, found that 29 .perceht of those failing an initial 
puretone screening test passed a subsequent threshold test. Wilson 
and Walton (1974), in a similar study, found\hat 52 percent of the 
first-screen failures passed a subsequent" rescreeMng. As outlined 
in the procedures section of this report, all first-s6^n failures 
were rescreened on the test(s) failed. ^ ^\ 
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The reasons for puretone and tympanometry rescreening are basic- 
ally different and bear upon the optimal time interval between initial 
and rescreening examinations. In puretone testing, rescreening is for 
•reliability assessment, the necessity for which arises from the sub- 
jective nature of puretone audiometry. According to ASHA recommenda- 
tions, rescreening should take place within seven calendar days and 
ideally on the same day as the initial testing. Because of the 
transient nature of most middle ear pathologies » justification for 
tympanometry rescreening stems mainly from a concern for validity. 
Inasmuch as tympanometry is an objective procedure and effective in 
monitoring middle-ear abnormalities, rescreening first-screen fail- 
ures over an extended time period is the procedure of choice. 

The reasons for some of the children failing an initial screening 
and subsequently passing a rescreen were (with respect to this project) 
somewhat test-specific. It was generally advised .during the project 
that whenever the testers were unsure as to the precise status of the 
child's hearing ojn a given test they were to fail the child in order 
that a re-examination would be assured. This conservative approach 
was expected to magnify the number of false positives at first screen- 
ing compared to what might be obtained if infinite time were available. 

In puretone screening it may be presumed that many false positives 
occur as a result of the subjective nature of the test paradigm in. 
which factors such as attention span, distractability , and environ- 
mental noise undoubtedly have influence. By contrast, rescreening 
for tympanometry failures is included to allow sufficient time for 
transient middle ear abnormalities to stabilize. 
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Since a maximum of only seven calendar days was possible between 
the initial screening and the rescreening examinations for both pure- 
tone and tympanometry testing, we questioned from the outset the 
value in performing a tympanometry, rescreen so quickly*.' Unfortunately 
the basic design did not permit our extending the time period. There- 
fore, some of those whose tympanometry performance was recorded as 
having shifted from "fail" tq^'^pass" were borderline cases who were 
failed initially as a conservative course of action. In evaluating 
the significance of initial -failure to rescreen performance, it is 

important to note that the screening criteria dictated that whenever 
a child failed a test in part, he failed it in total. 

Figure 4J6 presents the reduction obtained in false-positive 
identifications resulting from rescreening. The combined value of 
51.1 percent false-positive reductipn for puretone audiometry is in 
close agreement with t,he results of Wilson and Walton (1974). As 
shown also, a 30 percent reduction in false-positive identifications 
was noted for tympanometry. For both tests the reduction in false- 
positive identifications seems clearly grade-related. In fact, there 
is a curious parallel course in the upper grades between the pure- 
tone and tympanometric results. It is unfortunate that the exp^Vi- 
mental design did not include hig'tier grade levels in order to deter- 
mine at what grade (age) the graphs plateau. 

Since approximately one-half of the initial failures by puretone 
screening and one-third of the^ initial fai lures by tym rmetry 
passed the rescreenin*^ evaluations, it is\ patently essential that 
rescreening be included in all identification audiometry programs. 
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REDUCTION OF FALSE POSITIVE IDENTIFiCATIONS 
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Ethnic Performance 

Two of the towns had sufficient minority populations to permit 
limited comparative analyses between the Black, Puerto Ri can, and 
White sub-groups (cf. Table 7.1, Appendix I). Because of the obvious 
impact of the .season, it should be noted that testing was conducted 
in one of the two towns daring early April and in the other town dur- 
ing early June. 

Table 4.4 includes the pass/fail ratios for the three groups on 
the respective tests together with the obtained ratios for all sub- 
jects qombined. AUhough-no definitive trends emerged, both minority/ 
groups evidenced fewer tympanometry failures than the Whites, with 
the Blacks having approximately one-half as many. 
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PASS/FAIL RATIOS PER TEST AND 



MAJOR ETHNIC GROUP 





BLACK . 
Pass Fall 


PUERTO RICAH 
Pass Fail 


WHITE 
Pass Fail 


All Subjects 
Pass Fail 


Puretone 
Screen 


H 


1128 140 


287 55 


5578 766 


7401 1039 


% ' 


89.0 11.0 


83»9 16.1 


87.9 12.1 


87.7 12.3 


TyiiH)«r\- 
ometry 


N 


1119 152 


276 67 


4596- 1348 


6336 1680 


X 


68.0 12.0 


80.5 19.5 


77.3 22.7 


79.0 21.0 


Thres- 
hold 


N 


12 99 


4 42 


47 604 


73 808 


X 


10r:8 89.2 


8.7 91.3 


7.2 92.8 1 8.3 91.7 



TABLE f^A 



Test Performance vs. Absence 



Seeking possible /at risk'' predictors for hearing impairment, 
the number of absences accumulated during the school yea^ to the. date 
uf^TTtlrlaT testing was retained. Of the 8528 tested, 7676 children 
had one or more absences. The 'number of absences, divided by the 
sequential date within the school year (maximum = 180 days) yielded 
an absence quotient. 
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In Figure 4.7 these .quotients (expressed inr' percent) for tym- 
panometry and puretone screening failures are grouped in 11 sets 
ranging in size from 5.6 to 13.4 percent of the total reported. As • 
shown, no definitive relationships are apparent, although there is 
some tendency in the higher absence groups fdr the percent of fail- 
ures to increase with absence. v\ 
PURETONE TESTING \ 
Screening Results by Frequency 

Each child receiving a puretone screening test was tested at 
1000, 2000, and, 4000 Hz. Test performance by friequency arvd grade 
was examined by combining the results for the two ears and then com- 
'puting the respective pass/fail ratios (Appendix J, Table 7.9). Fig- 
ure 4.8 presents the percent failing each of the ifst frequencies as 
a function of grade level. Consistently more children failed at 1000 
Hz than at any of the other frequencies, with failul^e at 4000 Hz beihg 
the second most common. Inasmuch as the ambient noise levels werd 

SCREENING RESULTS BY FREQUENCY AND GRADE 
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insufficient for masking at the screening frequencies (Appendix 
. Table 7.5 ), it is possible that the failures at 1000 Hz were' due 
primarily to conductive losses ^ while the failures at 4000 Hz were due 
primarily to sensori-neural losses. * ^ 

Threshold Results - 

The puretone average (PTA) hearing threshold loss was calcu- 
lated for each ear and "is represented by the average of the hearing 
threshold levels for 5Q0, 1000, and 2000 Hz (referred to as the 
"speech frequencies"). As mentioned previously, threshold criteria 
were established relative to the child's total performance, not on 
his PTA alone. Thus, those with a PTA between zero and 20 dB do not 
represent the total number of children passing the threshold test' be- 
cause of high frequency (4000 Hz) losses. 

Table 4.5 includes the performance by ear^f the total threshold 
group. Essentially the same number had PTA's from zero^ to 20 dB is 
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from 21 to 40dB,- reflecting the number failed on the basis of a 15 
to 20 dB average. As reported earlier, approximately one-in-ten of 
those failing a second puretone screening passed a threshold evalua- 
tion. As presented also in Table 4.5, approximately six percent of 
those receiving threshold tests had puretone averages in the 41 to 
55 dB range with a few others having PTA's in the higher ranges. 
Approximately two- thirds of those tested in the left ear, and a like 
number in th6 right ear, were judged to fail the threshold evaluation. 

TYMPANOMETRY 

The mean,. median, and modal pressure and compliance values ob- 
tained at the initial tympanometri c screening are^presented in Table 
4.6. The values for middle ear pressure are somewhat lower than have 
heretofore been described as normative (cf. Brooks, 1968, 1973; 
McCandless and Thomas-, 1974; Renvall , et al. , 1973>. For .comparison, 
the distributions of the obtained compliance and pressure values for 
all subjects are displayed in F.igure 4.9 and Appendix I (Tables 7.10- 
7.13). Means for the various curves are shown by dotted lines drawn 
perpendicularly to the respective axes. 

PRESSURE-COMPLIANCE VALUES 
Ail Subjects (Left Ear) (N - 7854) 

j II - - ■ ■ 

: ' , ^ . X Mdn. Mode 

Air Pressure (mm HgO) -83 _ -46 -10 

. Compliance (Arbitrary Units) -3.9 " 3.9 4.0 

j5 ■ ■ - TABLE 4.6 _ 
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Analysis of the data for all subjects receiving the initial tym- 
panometric screening disclosed that the- pressure .and compliance values 
within plus or minus one standard deviation of the respective means 
approximated the initial pass/fail criteria (Figure 4.10). For com- 
parative purposes, compliance and pressure, values within plus or 
minus two standard deviations are shown in the same figure. 

Pressure and Compliance by Grade 

Reportedly, young children exhibit more negative middle ear pres- 
sures than do older children and adults. Brooks (1969), in a study^of 
1053 four-through-eleven-year olds, found that reduced middle ear 
pressure, was common in first-year school children, with middle ear 
pressure increasing with age. In Marker and Van Wagoner's study (1974) 
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of 710 Alaskan school children, 50 percent of the Kindergarten-through 
third grade children displayed Jerger Type B or C tympanographs , with 
the greater prevalence among the lower grades. Normal atmospheric 
pressure is approximated around the age of 9 and above (Brooks,' 1969; 
McCandless and-Thomas, 1974). Data on compliance values are less 
definitive, but several investigators have reported that relative 
compliance increases with age (Brooks, 1971b;' Jerger, 1970; Jerger, 
et al. , 1972), a trend which would be expected when considering the 
reported age-related normalization of middle ear pressures concom- 
, mitant with a decrease in the prevalence of Type B and C tympanograms, 

OBTAINED COMPLIANCE- PRESSURE VALUES 

VS. TAMI CRITERIA 




\ - 



Data from this study^show Relatively stable compliance across 
grades. Mean values by grade are presented together with'the var- 
iance in Figure 4.11, wher^ the values are consistently between "4" 
and "5" on the compliance scale. The relative stability of the mean . 
compliance vifilue as a function of grade level, as well as the rela- 
tive stability of the variance are clear from this figure (cf. -Appendix 
I, Table 7.14). . . 

MEAN COMPLIANCE VALUES BY GRADE 
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FIGURE 4.11. 

' If -80 mm to 0 mm HgQ is taken as a: strictly clinically-acceptable 
standayd for normal middle ear pressure, the distribution of compliance 
values within this range was found to be virtually th.e same as for 
the entire sample. A total of 4649 left ears fell between these ; 
pressure values and for them the. mean compliance value was 4.0 with 
remaining values distributed normally. 
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By contrast, mean middle ear pressures were progressively less 
negative with increased grade, and the variance around each mean 
diminished as a function of grade (Figure 4.12). Mean pressures ranged 
from -104 nm to -55 mm HgO in grades Kindergarten through fifth, 
respectively. Brooks (1969, 1974), Marker and Van Wagoner (1974), 
Jerger (1970),. and McCandless end Thomas (1974) have all reported 
similar trends. Figure 4.2 illustrates the importance of these trends' 
in terms of $he percentage of children failing the tympanometric 
screenings in thp varinijs elem entary grades..,: r — _ — _ — 
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Pressure and Compliance by Sex 

' There is a suggestion in the literature (Jerger, et aH,. , 1972; 
Zwislocki and Feldman, 1974; Bicknell and Morgan, 1968) that females 
sKow greater compliance values (i.e., less compliant middle ear sys- 
terns) than males, and that this difference reaches its maximum at ap- 
proximately age 30. Using static compliance measures, Jerger found 
a difference of about .1 cc between males and females in the 6-9 year 
age range. While our measures of compliance were not in absolute 
physical terms (cubic centimeters), we were able to compare in- 
directly our findings to those referenced. The difference found 
between males and females was negligible, but in the reported di- 
rection: the male mean equalled 3.8 and the female mean equalled 
4.0. 

The measured middle ear pressures presented a reversal in the 
means for boys and girls, where the girls presented somewhat greater 
(i.e., less negative) pressures than the boys. With 4005 boys and 
3814 girls receiving an initial tympanometry screeni ng, /the girls ' 
pressure was 6 mm greater than the boys' (boys, -86 mm H^O- qirls, 
-80 mm H2O). These findings were in accord with the further obser- 
vation that 16.7 percent of the boys and 14.8 percent of the girls 
fell below the -160 mm criterion level. Because of such slight 
differences in pressure and compliance values between the two groups, 
we find no argument for adjusting the pass/fail crfteria between the 
sexes . ^ 
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Shape Analysis 

Tympanometric shapes wer:e defined by four idealipd categ^nes, 
seen earlier in Figure 3.3. In order to examine the interrelationship 
of tympanographic shape and pass/fail results, we looked at/the data 
in ti^o ways: first,- within a given shape category we detei^ined the 
percentage failing tympanometry; and, secondly, of the total sample 
that failed, the distribution of shapes. The data are contained in 
Table 4.7. 

The "peaked" category was observed in 92 percent /of the cases, 
and 26.7 percent tf these fc^'led tympanometry (the "jiff- limits "and 
"peaked" categories were combined). "Rounded" tymp^ograms were ob- 
tained from only 4.1 percerit of the cases, but ove^ two- thirds of 
these (68.8 percent) were 'recorded as failures, /plat" tympanograms 
occurred ^.9 percent. of i^e time and all were failures. Based on 
these figures, one would/predict that less than ^one- third of a similar 
school population would/fail on the basis of negative pressure alone 
("peaked" coincided with normal compliance in 94.4 percent of the 
cases, that is, greater( than "7," N = 441). Tjhe degree of predictive- 

ness increases from ove'r two-thirds to 100 pejrcent with "rounded" to 

1 ■ / .... 

"flat" configurations, respectively. / 

Looking at the dispirsion of- shapes witliin the group failing the 
initial tympanometric screening; we observed that of those failing, 
two-thirds had "peaked" tympanographs and tjne remaining one- third 
was divided between "flat" and "rounded" shapes. Slightly more were 
flat than were rounded. It \s tempting to hypothesize that more than 
one-third of the failing ears\had some se/ous fluid behind the tympanic 
membrane, but we had no otologlcal verification. 
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TYMPANOGRAPHIC SHAPE ANALYSIS 
(Left Ear) ' 
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Screen-Rescreen Correlation r 

Liden, et^ al^. (1970a), in a study of 163 ears found subject 
test-retest consistency on tympanometry to be clinically satisfac- 
tory; Brooks (1971a), in a similar study using 1053 children having 

olotogically normal middle ears, showed that test-retest results were* 
satisfactory clinically when a series of nine tests per individual 
were conducted over an 18-month period. In a study of 40 neonates, 
Keith (1973) reported a correlation coefficient of .91 for right ears 
and .79 f or leftjea^^^S'-xJfrt^^ test-retest measurements. 

-"'''''''T^insure reliability throughout the course of the project, daily 
checks were made on each tympanometer and recorder using a .st^aff member 
known to have a normal middle ear. * Test-retest results per instrument 
and between instruments were found to be sufficiently stable that 
screen-rescreen correlations on pressure and compliance were justified. 
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Table, 4.8 presents the screen-rescreen correlations for two sep- 
arate populations: a group of 410 pupils from the first and second 
grades who passed when screened initially (Table 4.8-A), and a second 
group comprised of all initial screen failures who received a rescreen 
(Table 4^8-B). The time lapse between screenings was seven days for 
the first group and from one to seven days for the second group. All 
pupils in the first group were tested between May 15th and June 15th, 
while those in the second group were tested throughout the project. 

All of the obtained correlation coefficients are significant at 
the 0.01 level of confiaence, although differences in the amount of 



correlation within and between groups are 



evident. Highest correlations 
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were obtained for compliance measures in the "normal" group and the 
lowest for pressure measures in the "normal" group. 

Differences between the means for both pressure and compliance 
suggest that as a group the middle-ear status of the "normals" was be- . 
coming worse while the status of "abnormal s" was improving. For those 
passing initially, there was a net change of -9.51 and -6.68 mm HgO 
middle ear air pressure for the left and right ears respectively. 
Simultaneously, net compliance changes of +0.13 and +0,16 were re- 
corded for the left and right.^ 

The magnitude of the compliance change for the "aBhormals" was' 
essentially the same as for the "normals," although in the opposite 
direction. Pressure changes for the "abnormal?" were from two-to- 
three times as gV^eat as for the "normals." None of the observed dif- 
ferences betwe'en itieans is significant statistically, but suggest a 
trend which merits further examination. We concluded that air pres- 
sure measures are most representative of the dynamic state of the 
middle ear and therefore the best single index of current status. 



ERIC 



^ Based upoV) the American Electromedics scaling in use at the time 
of this study;, middle ear compliance and the compliance value were 
inversely related. 
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BETWEEN-TEST ANALYSES ' ^ 

Puretone Screening - Tympanometry Agreement 

Since Our project was designed to identify children suffering 
not only from educationally significant hearing losses, but also from 
potentially educationally significant losses, we were -interested in 
determining the number of children whog=d*splayed. abnormal tympano- 
metric patterns undetected by puretone screening./^Melniick, et al . 
(1964), in an evaluation of a recommended pr,ogram for identification 
audiometry (cf. Darley, 1961) ,- reported that approximately one-half of 
the cases of active middle ear pathology were not detected through 
application of the recommendations. Marker and Van Wagoner (1974) 
reported abnormal impedance results in 10 percent of 710 Alaskan 
-children who passed the puretone screening, while Blues tone, et al_. 

(1973) , in a study of 84 children, found middle ear effusions at 
myringotomy equally ciistributad above and below thresholds of 25 dB 
HTL. 

For 7928 child»fen who received both tympanometry and puretone 
screening tests, 74.3 percent passed both and 7.5 percent failed both. . 
The sum of these two values, or the concordance, was 81.8 percent 

sir 

(Table 4.9), which is consistent with data reported by Randolph, et al.. 

(1974) . We found also that 13V3 percent of the children passed the 
puretone screening .and failed the tympanometric, while 4.9 percent 
did, just the opposite. , , 

Puretone Threshold ■ Tympanometry Agreement 

Table 4.10 illustrates the agreement between tympanometry and 



PURETONE SCREENING-TO- 
TYMPANOMETRY CONCORDANCE 



TYMPANOMETRY 




puretorie threshold test results. A total of 839 children received 
both tests, and, of these, 58.7 percent failed both while 4.5 percent 
passed both. An interesting figure of 32.5 percent failed the thres- 
hold test but passed tympanometry dewnstrating the independence 
of the two tests and the need to perform both. 

PURETONE THRESHOLD-TO- 
TYMPANOMETRY CONCORDANCE 

TYMPANOMETRY 




REACTIONS 



Following the completion of the project, each participating town 
was sent two types of questionnaires tq survey opinion regarding the 
project and to determine the feasibility and practicality of contin- 
uing such an endeavor. 

NURSE AND CLINICIAN REACTION 

A questionnaire was distributed to the nurses and speech clin- 
icians who participated in the project covering the participants' 
reactions to the project, responses received from other participants, 
and the willingness and feasibility of continuing the project in the 
future (Appendix III, Section 9.4). The questionnaire included re- 
sponses dealing with skills gained in tympanometry and puretone pro- 
cedures and the desire for future workshops on impedance. 

Pre-Training Materia°ls and Training Procedures 

The majority of the nurses and speech and hearing clinicians re- 
ported that the supervisory meetings met specific needs related to 
respective roles in connection with executing the project. Pre- 
^project instructions and fact sheets were found to be sufficient and 
helpful, and theoretical discussions concerning tympanometry and 
puretone testing were found to be adequate. 

Testing Procedures 

Responding to questions about puretone testing and procedures, 
86 percent of the speech clinicians and nurses indicated'' a .willingness 
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to use the ASHA model for pqretone screening in the future. Sixty 
percent of the respondents felt that prior to the project they al- 
ready possessed the skills necessary to conduct puretone screening 
and threshold testing. They also felt that they required much less 
supervision in puretone screening. Eighty-five percent of the speech 
clintcians desired more supervis^n in threshold testing procedures. 

sfi Although the nurses and speech clinicians stated that they still 
felt inadequate in several areas relating to tympanometric procedures, 
86 percent reported that they had gained sufficient skills in tympan- 
ometry to use it in the future. All of the -respondents stated that 
they now had a basic understanding of what tympanometry measures and 
that the tympanometric supervision by the TAMI central staff was 
adequate and beneficial. > 



Sixty-seven percent felt no need for pn-going consultation and/ 
or training in puretone procedures while 91 percent expressed a need 
for additional information and training in tympanometry. Eighty-six 
percent expressed an interest in attending future impedance workshops. 



results, calibration, theory, advice on recommendations and referrals, 
and the acoustic reflex. 

■ Project Continuation • • 

Fifty-five percent of the respondents felt it was feasible for 
puretone testing to be completed within three days per school. Seventy 
percent of the nurses and speech clinicians did not know if their ad- 
ministration would support the use of tympanometry or invest in the 




Areas of interest included the meaning and reading of tympanometric 



equipment in the future. . ' 

An of the nurses and' speech clinicians indicated that the tea- 
chers were generally cooperative in preparing for Project TAMI and 
during the testing. All stated that the teacher response to the 
project was positive and that there was parental support for the 
use of tympanometry in their schools. Ninety-six percent of the 
parent volunteers had a favorable reaction to Project TAMI and 95 
percent of the nurses and clinicians would use volunteers in the 
future. Eighty- two percent of the respondents expressed an inter- 
est in continuing the project. 

In response to questions concerning the future use of tympanometry, 
51 percent favored testing Kindergarten through third grades, as had 
been done in Project TAMI. The remaining 49 percent was divided among 
seven other possible grade combinations. 

Referral and Follow-up 

The average time lapse between the completion of testing and 
when the towns received the student listings wa: two and one-half 
weeks. For the majority of the towns, one to three weeks then elapsed 
before referral (if any) by the district. Eighty-seven percent of the 
respondents stated that they sent referrals to either an otologi$t or 
local pediatrician, and 92 percent stated that they planned td re test 
each child placed under medical care. 

Joint Effort 

Seventy-four percent of the nurses and speech clinicians- felt 

♦ 
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that the project had changed the working relationship between the 
nursing and clinician staffs for the better, "and they credited the 
project with allowing more and better communication between the pro- 
fessions. The remaining 26 percent stated that the working rela- 
tionship between the two staffs had always been good. Ninety-four 
percent of those surveyed would consider using a similar team approach 
in the future. 

ADMINISTRATIVE REACTION ' 

A questionnaire dealing with the administrators' responses to 
the project, the responses received from other participants, and the 
willingness and feasibility of continuing Project TAMI in the future 
was distributed to each participating school administrator, principal, 
and director of pupil personnel (Appertdix III, Section 9.3). 

Interest 

Sixty percent of the administrators said that they were "greatly" 
interested in continuing to have tympanometry incorporated in the 
hearing screening program in their schools. Eighty-five percent 
believed that detection of abnormal middle ear conditions (as pro- 
vided by tympanometry) should be incorporated routinely into the 
health services provided by the schools. 

Given the^ize of the project and the time limitations under 
which it was administered, almost all of the administrators (96 per- 
cent) believed Project TAMI to be very efficient. Also, 85 percent 
stated that the project caused only limited disruption in the daily 
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routine of their schools. Ninety-six percent indicated that their 
schools had adequate advance notice of the project. 

Practicilbility for the Futufe 

Eighty-one percent of the administrators stated that it was 
either completely, or generally, feasible to complete a mass hearing- 
screening in their schools within two" to four days. Questioned as 
to whether a very quiet room cojild be made available for up to three . 
days in each school, 29 percent said that such space could be guaran- 
teed and 43 percent said that it could possibly be found; Fourteen 
percent of the administrators surveyed stated that such a room was 
unavailable. '^k, J 

The majority of administrators, 75 percent, stated that t^iey 
would encourage the town or Board of Education to invest in a tym- 
panometer within the next three- years. ' 

In reference to the calibration of district audiometers, 48 per- 
cent said that their audiometers were calibrated yearly, and 15 per- 
'cent stated every other year. However, 33 percent of the administra- 
tors did not know how often their audiometers were calibrated. 

\ ' ■ ' i . ■ 

Staff an d Parental Reaction ' 



Eighty-five percent of the administrators stated that reactions 

received from teachers concerning "Project TAMI had been positive. In 

this case, 15 percent had had no .comments from their, teachers. The 

cormients received from the nurse^ and speech clinicians involved in the 

project were supportive 85 percent of the time. Also, 70 percent stated 

that supportive reactions had been received from parents in their dis- 

tri ct. . - 
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^OlfCLUSIONS 

Beyond statistics on the numbers Screened per minute, or the cost 
of testing each child, or^e informational yieTd, practicability, 
per se, is inconsequential without acceptance. If "new tr>ete^" will 
not be learned, or if "old try:ks" are not modifiable', the "better 
mousetrap" will remain on the shelf, A thorough and systematic pub- 
lic relations campaign may be as essential in a feasibility study as 
the experimental design. Objectively, at leas\, we believe that the 
majori^ty of the goals of the project were met ami the practicability^ 
of the model Was demonstrated. ' 

GOAL REVIEW 



Eight of the nine goals listed in Chapter 2 were met as stated. 
The fourth, and most critical , goal of having the model adopted in at 
least two of the participating towns was not achieved. Although the 
equipment was made available at nominal charge, and procedrnji^T^re 
developed for providing consultative services, not*e..ogted to Vontipue 
the use of tympanometry. Explanations have included the lac\pf funds 
for any additional activities, overburdened (and often reduced) staffs, 
and a lack of administrative support. 

UTILITY OF THE MODEL ' 

• - \ . " . • ^ 

Records were kept on the time required per child to complete both 

7 

puretone and tympanometry screenings and on the number of children who 
could not be^tested by tympanometry because of an inability to obtain 

8i . 
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proper ear canal seals or because of a refusal to cooperate. Using 
volunteers for data recording and traffic management, as has been 
described, an average of 1.5 minutes was required for tympanometry 
and-1.0 minutes for puretone screening. As a measure of testability, 
we determined that only 74 out of over 8,000 children did not produce 
usable tympanographs for either ear at the initial screening, and 
only' five of the 74 were never able to be tested (Table 6.1). Usable 
data were obtained for 99.94 percent of the cases, indicating the 
Utility af tympanometry in elementary schools. By comparison, Harker 
and Van Wagoner (1974), in a study of 710 Alaskan school children, 
obtained satisfactory tympanometric results on all but 1.2 percent 
of the children seen. 

TYMPANOMETRY TESTABILITY 

Ear Canal Seals and Tympanographs: 

(TOTAL CASES=8016) 



USABLE 



NOT USABLE 



EAR(S) TEST DAY|S) 



Either 
Left 
Right 
Either 



I and II 
I and II 
I and II 



7942 
8010 
8004 
8011 



99.08 
99.93 
99.85 
99.94 



. N. 
74 

6 
12 
5 



.% 



0.92 
0.07 
0.15 
0.06 



TABLE 6.1 



SUGGESTED TYMPANOMETRY CRITERIA 



If tympanometry is included in identification audiometry pro- 
grams, selection- of the pass/fail criteria to be employed must account 
for the availability of audiologists and otologists, the availability 
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of equipment and personnel to study abncrmal middle ear conditions 
over time, and, particularly, local attitude regarding the target pop- 
ulation to be iriantified. In order to determine compliance and pres- 
sure-cut-off values; that might be proposed for stand-alone field iden- 
tifi cation audiometry programs incorporating tympanometry, comparisons 
were made on a child-by-child J&asis between the tympanographic and the 
puretone screening; results for the left ear. With this type of com- 
parison-, a tone-to-tymp concordance value of 82.9 percent was obtained 

(Figure 6.1). Further study of the data suggested that a stepped 
compliance-pressure^criterion line might be used for the lower pres- 
sure values. The illustrated "pass-zone" steps from -160 mm equivalent 
.water pressure to -200 and then to -240, but demands successively 
greater compliance. With the original criteria, total tympanometry • 
failure for the left ear was 18 percent, while with the above sug- 
gested criteria tympanometry failure would be approximately 14 per- 
cent. Use of these values is justified only when the routine inclu- 
sion of an audiologist and an otologist on the identification team 
-cannot be assured, and where local attitude regarding referrals for 
attention focuses on the child manifesting a loss in sensitivity for 
puretones. 

tAUTIONS 

' If audiologic practitioners are readily available and if serial 
monitoring of tympanometric performance can be assured, it would be 
reasonable to place increased emphasis on tympanometry as the basis 
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for referral and to make more stringent the palSs criteria. Lacking 
such, over emphasis can lead only to the referral of large numbers 
of children with abnormal middle ear conditions which would very 
likely not be verified by otoscopy. Delays' in referral and the 
transient nature of many of the middle ear problems of this age group 
make it probable that the condition would be either alleviated, or at 
least not obvious, by the time of medical examination. Lack of 
medical confirmation can be embarrassing. Such was our experience. 

Although we had every reason to believe that our criteria were thor- 
oughly defensible, and that those failing should receive medical 
attention, when tympanometric failure was not accompanied by pure- 
tone failure the results were frequently rejected by the medical 
practitioner. 

REFLECTIONS ' ' 

Routine inclusion of tympanometry in hearing conservation pro- 
grams for schools is not only practicable but desirable^. Nursing and 
speech and hearing personnel can be taught quickly to operate, the 
equipment and obtain reliable data. The slight additional time re- 
quired for such testing is more i;han offset by the valuable infor- 
mation obtained on the status of the middle ear. Abnormal middle 
ear conditions should be detected and used as supportive evidence 
of the need for referral . The relative stability of the puretone 
screening results observed across the two season^" included in this " 
study suggests that puretone result? remain the basis for referral 

' 't * 
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from mass •screening programs, and that tympanometric failure be mon 
itored over time to establish whether the condition Is chronic or 
transient. Care should be exercised in referring for medical atten 
tion those children having abnormal tympanograms who do not simul- 
taneously present reduced sensitivity for puretoies. 
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GUIDELINES FOR THE SELECTION OF HEARING 
SCREENING FACILITIES 



ERIC 



I. Room Size 

A. Puretone: 

1. For initial test days, a room approximately 45' x 60' is 

suggested in order to accommodate 4 stations simultaneously. 
1. For rescreen day, a room of 45' x 60' will again be required. 
3. Room suggestions: (a) Library ' , .^^ 

(b) Stage separated H)y panels and/or 
curtain 

(c) Large classroom 

B. Tympanometry: 

1. For initial test days,. a room approximately 45' x 60' is 
suggested in order to accommodate 3 stations simultaneously. 

2. For rescreen day, a room of 45* x 60' will again be required 
if 3 stations wilT be op:}rated\ If there wjll be less than 
3 stations, a room of 9' x 15' is necessary for maximum 
efficiency. 

3. Room* suggestions: (a) Mul ti-purpose* room 

(b) Gymnasium 

(c) Auditorium 

(d) Large classroom 

II. Location of Room 

A. Puretone: Testing should be accomplished In areas as. free of 
excessive noise as possible. Consideration should, thus, 
be given to testing away from the boiler room, play area, 
kitchen, lunch room, and any other heavily trafficked a:^ea. 

B. Tympanometry: Noise is not a factor in tympanometric testing. 
For efficient traffic management, however, the tympanometry 
facility should be as close to the puretone facility as 
possible. For efficient eartip sterilization, a nearby 
water source is desirable. 

III. Internal Room Requirements 

A. Puretone 

1. Enough outlets for four pieces^^of equipment 

2. Adequate lighting 

3. Furniture 

a. 4 3' x 6* tables, each with two chairs; or 4 pairs of 
desks and chairs 

b. 1 3* X 6' table fov data record retrieval and miscel- 
laneous data recording 

B. Tympanometry 

1. Enough outlets for five pieces of equipment 

2. Adequate lighting ' 

3. Furniture ■ . ■ 

a. 3 3' X 6' tables, each with three chairs 

b. 2 3* X 6' tables, each with two cha^TS 

Note : The rooms should be as free of extraneous furniture as possible 
for adequate traffic management. 
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PURETONE SCREENING PROCEDURE 



Situate the child so he cannot see anyX^siTs or nand movements. 
Be careful not to give visual ^or verbal cues, such as nodding your 
head, or asking' if he has heard the tone as you present it, or 
moving your hands and arms excessively. 



1. Using appropriate language, instruct the child to: 

a. -* raise his hand v/henever he hears a tone, even if Yie barely 

hears it. 

b. keep his hand raised until the tone goes off. 

c. lower his hand as soon as the tone stops. 

2. Place the earphones on the child and set the audiometer so that: 

a. the intensity dial is set at 40 dB HL. 

b. the ^frequency dial is set at 1000 Hz. 

c. the stimulus lever is in. the "tone off" position. 

d. the signal is directed to the last ear tested on the 
previous child. 

3. Depress stimulus lever for approximately 2-3 seconds. If the 
child does net respond, present the tone again. Reins truct if 
no response. 

4. Once the child is responding satisfactorily, reduce intensity 
to 20 dB. Present tone for 2-3 seconds. If child does not 
respond, up to three presentations are permissible before failing. 

5. Change frequency dial to 2000 Hz; repeat as for #4. 

6. Change/frequency dial to 4000 Hz, 'Tntensity dial to 25 dB; 
repeat as for #4. 

7. Tell aide "Pass" if all frequencies are passed. Indicate which 
frequencies are failed, if any. Avoid telling the child. 

8. Switch signals to the opposite ear. 

9. Test at. 4000, 2000, and 1000 Hz. 



NOTE: Failure to respond to .any frequency in either far cc.jstitutes 
failure of the original screening, and necessitates a-re- 
screening. 

Failure to respond to any frequency in either ear on, the 
rescreening, results in immediate' threshold testing of the 
failed ear(s). 
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PROCEDURES FOR IDENTIFICATION (SCREENING) AUDIOMETRY 



The purpose of identification audiometry is to define those 
children who may have an educationally significant hearing loss, mean- 
ing a shift in air-conduction hearing sensitivity. The children so 
defined, are candidates for threshold audiometry, identification ^ 
audiometry does not attempt to indicate the amount of loss nor does 
it indicate, necessarily, the breadth of the loss in terms of number 
of frequencies involved. The sole purpose of an identification audio- 
metry program is to define those childreir in need of further audiometric 
testing. ^ 

Many different procedures haye been used in the; past to screen 
grou^DS of children. Before puretone audiometers were widely available, 
phonograph recordings were used. Probably the best known example of 
that type of testing was the Western Electric Fading-Numbers Test. 
Pairs of numbers recorded at progressively lower levels were delivered 
through as many as 40 he^'adsets. The primary defect in the fading- 
numbers test was that children with hearing deficits in the range 
above 500 Hz could often pass the test. Other screening tests that 
employ highly familiar speech signals have the* same difficulty. 

As the availability of the puretone audiometer increased, puretone 
screening tests became more widely used. Both group tests and individual 
tests were developed. Group testing offers an apparent saving in time; 
however, this saving is usually not realized, being offset by the in- 
creased set-up time. In addition, calibration and maintenance of the 
multiple earphones and the difficulty in providing an adequate test 
environment for a large group of children are also problems, unless 
a mobile test unit is available. In situations where the tester must 
move from school to school and set up-his equipment in each school, 
the individual sweep-frequency test, administered with a puretone 
audiometer is the test of choice. The procedures detailed in this* 
presentation describe a method for accomplishing such a test. . 



Factors affecting test methodology ^ 

Before describing the specific test procedure, we should look 
first at several facts related to the choice of a test methodology. 
First, most identification audiometry programs must take place in a 
regular school environment. Sound-isolated test area? are not avail- 
able in each school in most districts . Therefore^ any consideration 
of procedure must recognize the fact that ambient noise may well be a 
problem during the test session. Second, ambient noise has its pre- 
dominant energy in the \ow frequencies. Therefore, its effect on a 
screening test would be most pronounced for the low frequencies. The 
result of high ambient noise> coupled with a screening test which in- 
cluded measurement in the low frequencies, will be a high number of 
over referrals (false-positive identifications). Nor is the phenomena 
limited to screening tests. Many investigators have done threshold 
measurements in the same environment in which the screening test was 
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. accomplished and attempted to validate their scree/ling results by 
showing large numbers of children with hearing loss in thejow fre- 
quencies only. However, in carefully controlled studies in which 
the threshold validation measujjemenjt^ .afe completed in a sound- 
isolated room, it becomes apparent that there are not nearly so 
many children with hearing loss in the low frequencies only; in 
fact, ambient noise has simply affected threshold and screening 
tests in such a way as to suggest this problem. 

The significance of this argument is to recogi\1ze that although 
it might be most efficient to screen a representative sample of 
frequencies including low- and high-frequency tones, the fact that 
ambient noise will affect the tests in the low frequencies precludes 
such a recomrriendation. Thus, the procedure described in this pre- 
sentation may properly be considered a limited-frequency test, since 
the low frequencies are excluded. A recent research- study , testing 
the accuracy of this method, demonstrated ' it to be very nearly as 
accurate. as a screening test including the low frequencies and done 
in a ajound-isolated test environment. 



Screening procedures 

Now, let us look at the specific method. The test frequencies 
of 1000^ Hz, 2000 Hz, and 4000 Hz are included. Ea^ch ear is screened 
independently. " ' 

The screening levels are 20dB HL at 1000 Hz and 2000 Hz and 
25 dB HL at 4(j(00 Hz*. In practice, the tester should screen at 20 dB HL 
at all frequencies, but if 4000 Hz is not ^eard, the audiometer output 
should be increased to_25 dB HL to de*^mine pass or, fail. Since most 
children will hear all "^tones at 20 dB HL, the hearing-level dial often 
remains at one setting f or \the entire test. 

Failure criterion is defined as failure to respond at the 
recommended screening level at any frequency in either ear. All child- 
ren failing the screening test are to be resx:reened, preferably during 
the same day. We cannot over emphasizq the importancfe of this manda- 
tory rescreen. Recent research has* shO^n that the rescreen will re- 
duce by 50 percent the children who are referred for further testing, 
since many times the rescreen allows^ a child to complete the test 
satisfactorily rather than to.be referred for threshold testing. 

Children who fail the rescreen, meaning that they have failed 
two screening tests, shall be referred for threshold audiometric eval- 
uation. Referral for medical treatment and/or educational management 
shall be based on the results of the threshold test. This system 
demands that threshold testing be accomplished without undue tjme ^ 
passing between the screening testing and the threshold testing. 



To review the specific procedure, we note first that the fre- 
quencies to be screened are 1000, 2000, and 4000 Hz in each ear. 
Second, that the screening levels are 20 dB HL at 1000 and 2000 Hz 
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and 25 dB HL at 4000 Hz. Finally, failure to respond at any fre- 
quency in either ear constitutes failure of the original screening 
test which results in a recommendation for a rescreen. Failure of 
the rescreen, based on the same criterion, constitutes basis for 
referraV for threshold testing. Recommendaticns for both medical 
and non-medical help are to be based on the results of the threshald 
testing. ' " » ^ • 



Procedural considerations . * 

Next, we should look at procedural considerations related to 
^ the screening test. As in puretone threshold audiometry ,oCertain 
general factors may influence the screening results. They,are4 
(l) the instructions,- (2) the response task, and (3) the manner in 
-which the tester interprets 4:hG individual's response behavior 
during the test. ^ ^ 



Instructions . Taken in order, we will consider the instructions 
first. They should be phrased in language appropriate to the child 
and should: (1) indicate he is to respond whenever the tone is 
heard even if barely heard; ^(2) indicate the method of response to 
be u^ed; (3) indicate the need to signal as soon as the tone comes 
on and to continue to signal until the tone goes off; and (4) describe 
the method of indicating the ear in which the signal is heard.. 

In sci^eening audiometry, the children are usually instructed in 
a group. The instructions will necessarily differ in wording depend- 
ing on whether the children are Kindergarten age or high-school age. 
' However, the basic principles enumerated above should be covered in 
any instructions regardless of age. An example of instructions for 
Kindergarten age children, which meet the requirements above, might 
be as. follows: "You are gping to hear a soft sound which is kind • 
of Tike a whistle. No matter how soft it is, I would like you to 
raise your hand when you hear it and put your hand down when it goes 
away. Let's practice that now." At this point, the examiner may 
either whistle audibly or turn the tone, on with the Jiearing level 
dial set at maximum output while .holding the earphones in 'front of 
the children. Both the examiner and children are to raise their 
hand when the tone comes on and put them down when it goes away. If 
a child is hesitant to respond, the examiner may take his hand and 
show him the response using adequate social reinforcement such as a 
smile, or saying that's a good job, etc. -o ^ 

Once the children have" shown that they can signal properly, the 
instructions might continue "Gee, that's great now Tm going to 
make the game harder since you're all doing so well. Let's say that 
if you hear the whistle in this ear you will point to it and if ^ou 
hear it in this ear you will point to it. Now remember, raise your 
hand even if it is a very soft or tiny sound." 

. / 
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Those instructions may be contrasted to ah exami^le of the in- 
structions one might use with an older group of children: '7ou are 
going to hear some very soft tones. I would like you to raise your 
hand as soon as you hear a tone, keep it up as long as you hear the 
i;one, and put it down when the tone goes away. Please use your right 
hand for your right ear, and your left hand for your left ear. Re- 
member, even if a tone is very soft, raise your hand when you hear 
it, keep it up as Idng as you hear it^' and put it down when it goes 
away." In each set of instructions, the four factors listed have been 
included, even though the language used has teen different. Remember, 
the important thin^ is to phrase the instructions in language com- 
y fortable to your manner of speaking and appropriate to the age of the 
child. / 

Response task ; The second general area considered is that of re- 
sponse task* Some form of overt responses are required from the sub- 
/ject to signal when the tone goes on and when the tone goes off. Any 
response task meeting this criterion is acceptable. Examples of 
commonly used responses include: (1) raising and Towering the fin- 
ger, hand,^r arm; and (2) pressing and releasing a signal-light 
switch. Children of school age may be expected to accomplish any 
of these tasks. Occasionally, a Kindergarten child or pre-school 
child may be fearful in a test situation and it may be advantageous 
to substitute a play-audiometry response task to overcome his fears. 
In such a case, the placement of a ring on a spindle or the dropping 
of a marble in a bottle, or similar activities may substitute as a 
response. However, when such a response is used, remember that the 
child is responding only to tone onset. Since the tester gets only 
one indication of response per signal, more sampling may be needed 
at each hearing level. 

Response behavior . The third general area is that of interpretation 
' of response behavior. The primary factors which the tester lises 
are: (1) latency of response, (2) presence of both on and off re- 
sponses, and (3) the number of false alarm responses. 

The latency of the on responses should be consistent. That 
is, the child should signal the tone onset without" a long delay 
, preceding his response. 

Since each tone presentation provides the opportunity for two 
responses— on response and off response— the tester should take ad- 
vantage of both in determining the validity of a child's response. 
The tester should remember that in determining whether or not a 
response is valid, the ability of the child to signal both onset and 
offset greatly facilitates the decision. If a child is simply raising 
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his hand any time while the tone is on and putting it back down 
immediately, t.^ere is a much better chance of his randomly respond- 
ing and hitting some portion of the tone-on interval, when in fact 
he doesn't hear the tone at all. Thus, if a child is not signaling 
both tone on and tone off, the tester should remove the earphones 
and re-instruct the child. 

Finally, false-alarm responses jnake^lt very diffici^lt for the 
tester. A false-alarm response is defined as a response by the child 
when no tone is present. The tester should remember that the child 
may well think that he is pleasing the tester when he raises his 
hand; in fact, almost any child left for some time with no tone on 
following instructions, will raise his hand, imaginging that he does 
hear a tone. Some children "^are so eager to try to please, that they 
present a very high rate of false-alarm responses. When this occurs, 
the tester should first reinstruct the child saying, "Remember, I 
want you to raise your hand when you are sure (emphasize the sure) 
that you hear the tone." Along with the re-instruction the tester 
may want to present a tone at a clearly audibi^le- level and demonstrate 
to the child again-the raising. of his hand, keeping it up as long as 
the tone is on, and putting it down Jrfhen it goe^ away, and then 
return to the screening level. \ 



Possible problems in screening audiometry 



Equipment calibration . The condition and calibration of your test 
equipment is, of course, crucial to the obtaining of valid results. 
Research has demonstrated that many portable audiometers in- use in 
public school hearing conservation programs do not meet calibration 
standards. On the other hand, a recent study has demonstrated -that 
if such equipment is placed in full calibration, it maintains good 
stability during periods of heavy use in screening audiometry, sug- 
gesting the fact that many audiometers used in schools may never 
have been -placed in full calibration. The -tester must determine 
that the equipment being used is receiving the ne .issary full-scale 
calibration on at least an annual basis. In addii on to this, many 
school districts may want to provide the necessary sound-measurement 
equipment to complete intensity-only calibrations on a more frequent 
basis. Finally, each piece of equipment should be ^checked by the 
tester prior to the start of the day's "tes ting. To comptete "Spcti^a 
check, the audiometer is to be plugged in and allowed to warm up at 
least five minutes. The tester then puts the earphones on himself, 
turns the hearing level dial to the screening levels and listens to 
the signal first in one ear and then in the other. This check allows 
the tester , to be sure that equal signals are being delivered to each 
earphone. If not,^e shquld use a.spare audiorneter. ' In addition, 
he listens for any audible clicks oK other sounds which might clue 
the child as to the presence of-^the tone. If. such clicks, etc.,' aire 
present, again, a spare audiometer should be used. A reserve 
complement of 15r20~ percent is suggested (or one spare for every 
six audiometers in u^e). 
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Test environmQnt . The test environment must be adequately quiet 
to allow testing to be completed. A check to determine the ade- 
quacy of a test environment / iy be completed by using a sound 
level meter and comparing results to normative values. If such 
equipment is not available, you may presume that screening cannot 
be satisfactorily completed in any room where you cannot consis- 
tent! y-hear-^all screening frequency -tx^nes-art Hovels 10 dB less in- 
tense (softer) than the screening levels. In such cases, other 
testing space should be sought. 



Earphone placement . ^The placement of earphones is important. The 
tester should place the earphones on the child and see that they 
are properly aligned with the ear canals. Occasionally a child, 
in placing the earphones, will not provide such an alignment and 
may even, in rare cases, fpld the pinna over the ear in pulling 
the phones on from behind. 



Unintentional cues . The mannerisms of the tester may provide un- 
intentional cues to the child as to when the tone is on and when it 
is off. For example, if you look down at the test equipment, switch 
the frequency dial setting, look up at the child, and then turn the 
tone on, he may be responding only to the fact that you have looked 
at him expectantly. More subtle cues such as shoulder movement, 
etc., may be apparent to the child. Some testers have the child 
face away to avoid this problem. However, the tes^ter then loses 
many valuable cues to responses in the form of eye movement, etc. ' 
Also, without eye contact, some social reinfor^cements such as a 
smile or a nod X)f the head cannot be used. 

A good way to check for the possibility of unintentional cues 
is to have a friend serve as a subject and observe carefully your 
testing manner to see if any detectable cues are present. Similar 
to observable visual cues, timing cues may also be apparent. Testers 
often fall into a rhythmic pattern of tone presentation. The child 
may be responding to an expected tone based on the past rhythm of 
presentations rather than to an actual tone. Again, falling into a 
rhythmic pattern may produce a higher rate of false alarms. Vary 
the interval between tone; presentations and^see that you don^tfall 
into a rhythmic pattern. 



Response behavior . This may lead to a question of the number of sig- 
nals to be presented at each frequency. Since in screening audiometry, 
fewer presentations are provided at each level. It becomes essential 
that the child realize that he is to raise his hand when the tone is 
on and put it down when the tone goes off; The child may believe 
that the simple act of raising his hand is what will please the tester. 
In your instructions to the children, you should emphasize that only 
if the hand is raised at4:he appropriate time, kept up for the dura- 
tion of the tone, and put down at the end of the tone, is the task 
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being completed successfully. One good way of illustrating this is 
to use an audible whistle to teach the children to respond, and use 
a very pronounced effort to produce the whistle. Then, after sev- 
eral correct responses to your whistle by the group of children, go 
through the same elaborate physical motions without the whistle. 
Invariably ^some-clii 14ren-wiH-rc^rse their handr you may then say 
something such as "Caught you, didn't we. Remember, your hand goes 
up only when the sound is there." Given the proper mental set, the 
child is prepared to indicate both an on response to tone onset and 
off response to tone offset. If the tester is satisfied that the 
child has responded to the tone, it may be necessary to provide only 
one presentation at each frequency. However, if .any question exists 
in the tester's mind, multiple tone presentations should be used at 
each level. In such a case, it becomes crucial to vary the duration 
between tone presentations and, perhaps, even switch from one ear 
to the other, to determine that the child is in fact responding 
appropriately. If, after one or more of these methods has been 
attempted, the responses still seem somewhat questionable, the 
child should be-fatled-on- the-sereening test. Remember, each child 
is then rescreened and there will be an opportunity to re-instruct, 
and again sample the child's responses. 



Misrecording of data . The recording of results i^ important. Mis« 
recording of data may include two tyoes pf errors. First is the 
simple error in data recording on th'. Results Form. Be sure, that . 
you have entered the screen result for the proper frequency and 
ear. The second type of error may be the intentional misrecording 
9f data such as occurs because^ of previous expectations. For ex- 
ample, we may expect a child to have better hearing than he is 
demonstrating and so accept any response which happens to fall dur- 
ing the time the tone was on rather than holding to the rather 
rigorous response criteria described above. We then record him as 
a pass. Thejtester's first reaction to this type of information is 
"Who, me?," yet I ^iouT^TTare^^ who test hearing 

have at one time qr another misrecorded data in this manner. 



Audiometer cues . Just as the tester may provide unintentional cues 
to the child, the operation of the audiometer/may provide unwanted 
cues.^ For example, a noisy tone interrupter switch or the over- 
zeaTous p^^^^^ interrupter switch may provide a clearTy ' 

audible click which the child detects. The child is not intentionally 
trying to cheat on the screening test; however, when he hears this 
click, he. is apt to imagine the tone is present.and so signal. Other 
examples of instrument cues include the reflection of a tphe-on light 
on the face plate of the audiometer from a shiny button on the tester' 
clothing, the visibility of this tone light from the back of the 
audiometer so that the child can clearly see the tone-on light going 
on and off, or the presence of acoustic clicks coupled with the 
signal, as discussed under calibration. Again, careful observation 
Ts necessary to find and/or avoid this problem. 
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Fear of test situations . Some children, particularly very young 
children, may be frightened by the circumstances surrounding 
the test. In most such cases, simple reinstruction artd/or inclu- 
sion of pi ay- audiometry response procedures will allow the tester 
to complete the test. Reinstywti_o^ 

rescreenlng process, also. Children frequently fail the first 
screen because they did not understand the instructions. 



Grade level . Practical experience along with research findings 
have suggested that the highest degree of inaccuracy in identifi- 
cation audiometry is found in first grade children, contrary to 
what might be expected. It is quite possible that the tester spends 
the necessary time to teach the Kindergarten child the correct re- 
sponses, and then presumes that the first grader will recall the 
test procedure when he is tested the following year. Apparently, 
such is not the case. The tester should be aware that first graders 
may need the same extensive instructions and, perhaps, practice 
given to Kindergarten children. 



To conclude, the completion of identification audiometry de- 
mands first that proper equipment, maintained and calibrated, be 
provided. Secondly, an ade;'3'iate test environment must be avail- 
able. Third, the child must be properly instructed. Fourth, a 
standard method of measurement is to be employed. Finally, the 
tester must avoid any unintentional cues which would influence 
the test results and critically evaluate the response behavior. 
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PURETONE AIR-CONDUCTION THRESHOLD AUDIOMETRY 



1 



Puretone threshold audiometry is defined as the measurement 
0fL^__iHPi^4^hia^V' ^ tbratexJ-ptrre^TTes . 

Two general methods are employed clinically: (1) testing at selected 
frequencies by manual audiometry whicJh will be referred to as manual 
puretone audiometry and (2) discreet frequency or sweep frequency 
testing by audiomatic audiometry, referred to as automatic audiometry. 
This presentation defines the methods employed in manual puretone 
air-conduction threshold audiometry. 

<> 

In a school hearing conservation program, threshold audiometry 
is used to define the actual hearing levels of children who have failed 
the identification audiometry procedures. Although a person's thres- 
hold may be defined for a variety of test signals, pure tones are used 
in order that the clinician may understand the child's hearing sensi- 
tivity across the frequency spectrum for each ear. 

The classical tuning fork tests are the historical ante- 
cedents of manual puretone audiometry. The development of the 
audiometer, approximately fifty years ago, made it possible to con- 
trol the intensity and duration of a puretone signal in ways that 
were not possible with tuning- forks- — Ibus»-- the audiometer pennitted 
more reliable and, in some cases, more sophisticated tests than had 
been possible with tuning forks. However, even when, calibration of 
equipment is maintained, valid measurements of a {Person's hearing, 
sensitivity are not always obtained. One critical factor in the de- 
termination of hearing thresholds is the test methodology employed. 
In this discussion a, standard set of procedures is presented for 
accomplishing manual puretone audiometry in a way that will minimize 
differences in test results based on examiner methodology. 



Factors affecting assessment of puretone thresholds . 

9 Three general factors that may influence the assessment of 
puretone thresholds are: (1) the instructions to. the individual 
being tested; (2) the response task given to the individual, and (3) 
the manner in which the taster interprets the individual's response 
behavior during the test. 

instructions . Taken in order, we will consider the instructions 
first. . TTiey should be phrased in language appropriate to the chvld 
and should: (1) indicate, he is to respond whenever the tone is heard 
even if barely heard; (2) indicate the method of response to be used; 
(3) indicate the need to signal as soon as the tone comes on and to 
continue to signal until the tone goes off; and (4) describe the 
method of indicating the' ear 1n which the signal is heard. 
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In working with school -aged children, the instructions will 
necessarily differ in wording depending on whether the child is 
Kindergarten age or high-school age. Howover, the basic principles 
enuinerated-above-sJwuTA be-^0\^^ regard-l^ss — 

of the child's age. An example of instructions for a Kindergarten 
child, which meet the requirements above, might be as follows: "You 
are going to hear a soft sound which is kind of like a whistle. No 
matter how soft it is, I would Jjjefyou to raise your hand when you 
hear it and put your hand down when it goes away. Let's practice 
now." At this point, the examiner may either whistle audibly or 
turn the tone on with the hearing level dial set at maximum output 
while holding the earphones in front of the child.. Both the ex- 
aminer and child are to raise their hand when the tone comes on and 
put it down when it goes away. If the child is hesitant to respond, 
the examiner may take his hand and show him the response using 
adequate social reinforcement such as a smile, or saying that's a 
good job, etc. 

Once the child has shown that he can signal properly, the 
instructions might continue "Gee, that's great--now I'm going to 
make the game harder since you're doing so well. Let's say that 
if you hear the whistle in this ear you will point to it and if you 
hear it in this ear you will point to it. Now remember, raise your 
hand even if it is a very soft or tiny sound." 

Those instructions may be contrasted to an Example of the , 
instructions orie might use with an older child, such as: "You are 
going to hear sortie very soft tones. I yjould like you to raise your 
hand as stfon as you hear'^a tone^ keep it up as long as you hear the 
tone, and put it down when the tone goes away. Please use your 
right hand for your right ear, and your left hand for your left 
ear. Remember, even if a tone is very soft, raise yourvhand when 
you hear it, keep it up as Ijong as you hear it, and put it down when 
it goes away." , In each sfet of instructions, the four factors listed 
have been incl uded, .even though the language used has been differ- 
ent. Remember, the important thing is that you phrase the instruc- 
tions in language comfortable to your manner of speaking and appro- 
priate to the age of the .child. 



Response task . The second general area considered is that of re- 
sponse task. Some form of overt responses are required from the sub- 
ject to signal when the tone goes on and when the tone goes off. Any 
response task meeting this criterion is acceptable. Examples of 
commonly used resppnses include: (1) raising ^nd lowering the fin- 
ger, hand, or arm; aftd (2) pressing and releasing a signal-light 
switch.. Children of school age may be expected to accomplish any 
of these tasks. Occasionally, a Kindergarten child or pre-school 
child may be fearful in a test situation and it may be advantageous 
to substitute a play-audiometry response task to alleviate his fears. 
In such a case, the placement of a ring on a spindle or the dropping 
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of a marble in a bottle, or similar activities may substitute as 
a response. However, when such a response is used, remember that 
the child. is responding only to tone onset. Since the tester gets__ 
-^ unly u r' ti indica t io n o f r e5pDnse~perng1^nal ," WiJre^'^aTfiiJlTnfinay^e 
needed at each hearing level. 

Response behavior . The final general area is that of interpreta- 
tion of response behavior. The primary factors which the tester 
may use in determining an individual's threshold are: (1) latency 
of response, (2) presence of both on and off responses, and (3) 
the number of false alarm responses. 

The latency of the on responses should be consistent. That 
is, the child should signal the tone onset without a long delay 
preceding his response. The first response to a tone In an ascend- 
ing series may be slower than succeeding responses. However, the 
response to a tone presented 5 dB higher should be strong , and with- 
"out hesitation. If the subject loes not respond sharply to tones 
that are 5 dB higher than the initial response level, the validity 
of the first response is suspect. In such a case, the tester should 
go up in additional 5 dB steps until a sharp, clear, consistent 
response is obtained. 

Since°each tone presentation provides the opportunity for 
two responses-'-on response and off response— the tester should take 
advantage of both in determining the validity of a child's response, 
the tester should remember that in determining whether or not a 
response is valid, the ability of the child to signal onset and 
offset greatly facilitates the decision. If .a child is %iinply 
raising his hand any time while the tone is on and putting it back 
down immediately,- there is a much better chance of his randomly re-, 
sponding and hitting some portion of the tone-on interval , when in 
fact he doesn't hear the tone at all. Thus, if a child is not 
signaling both tone on and tolie off, the tester should remove the 
earphones and reinstruct the child. 

Finally, false-alarm responses make it very difficult for 
the tester to determine threshold. A false-alarm response is defined 
as a response by the child when no tone is present. The tester 
should remember that the child may well think that he is pleasing 
the tester when he raises his hand; in fact, almost any child left 
for some time with no tone on will, following thfe instructions, raise, 
hrs hand, imagining that he'does hear a tone. Some children are 
so eager to try to please, that they present a very high rate of 
false-alarm responses. When this occurs, the tester should first 
reinstruct the child saying "Remember, I want you to raise your hand 
when you are sure (emphasize the sure) that you hear the tone." This 
instruction is different than the original instruction and suggests 
to the child that he is to be sure he hears it. For a child pre- 
senting a high rate of false-alarms, however, such reinstruction will 



often allow the test to be completed. Along with the reinstruction 
the tester may want to present a tprne at a clearly audible level 
and, demonstrate to the child agani, the raising of his hand, keep- 

in g it tip a<; l on g a<; thp tnnp i<; nn an H p i ttin g i t d auin^uihan^^ — 

goes away. Coupled with strong social reinforcement, such demon- 
stration and/or reinstruction will often reduce the rate of false- 
alarm responses. Another procedure which can be used in many cases 
4s that"Of pulse <:0un ting. The tester tells the chfld that he may 
hear either one, two, or three pulses and he is to report which. 
Then by pulsing the tone appropriately, the validity of the response 
can be determined by the accuracy of the child's response. 



Threshold measurement procedures 

Now let us consider the actual threshold measurement method. 
The basic procedure consists of two separate and distinct steps: 
(1) familiarization and (2) threshold sampling. These steps are 
the same regardless of the frequencies being tested, or the type 
of test--air conduction or bone conduction. 

Familiarization . Familiarization assures the examiner that the sub- 
ject understands and can perform the response task expected in 
addition to letting the subject become familiar with the particular 
signal. The specific step to be used is as follows: with the 
tone turned on, but completely attenuated (heading level dial at 
zero), the intensity is gi^adually increased until a* response occurs. 
Turn the tone off. This/simple step has accomplished both of our ' 
desired goals. First, xhe subject has demonstrated his ability to 
complete the response task. Second, the subject is familiar with 
the frequency of the tone under test. This step of familiarization 
is prelTnrinary to threshold determination. 

Threshold sampling . The-^method of threshold exploration described 
is considered a standard procedore-^for^ manual puretone audiometry. 

First, the exploration for threshold is carri^<^^tJ)y^nieans 
of short tone presentations, varying in duration. These preseh^a^ - 
tions normally don't need to be longer than one to two seconds; how- 
ever, they should always be of sufficient duration to allow the sub- 
ject time to respond. The interval between tone presentations should 
be of variable length also, but should be no shorter than the .test 
tone . 

Second, the level of each presentation is determined by the 
response to the preceding presentation. The first tone is presented 
at a level 20 dB below the level-of-the familiarization response. 
After each failure to respond to a*tone, the hearing level is 
increased 5 dB until the first response occurs. Following the first 
response, the tone is raisedL5 dB for the next presentation. After 
the second consecutive response, the tone is decreased 15 dB and . 
^another series of ascending presentations is begun. ^ It is. to be 
emphasized that during threshold determination, the hearing level 
dial is never turned while the tone is on.- 
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Third, following the above rules for level of signal, 
threshold is defined arbitrarily as the lowest level at which re- 

spons es occu r in at least half of the ascents wit h a minimum 

requirement of three responses at a single level. 

Let us look at an example. Assume that we're dealing with 
an older child who has been properly instructed, the ear under test 
has been selected, and the frequency to be tested has been selected. 
We first set the hearing level dial at 0 dB; next we turn the tone 
on by depressing the tone interrupter switch; we then sweep the 
hearing level dial up until the child signals that he hears the 
tone. Assume that he does this at a hearing level of 50 dB. We 
then turn the tone off. Next, to start threshold exploration, we 
attenuate (reduce) the hearing level dial setting by 20 dB, or to 
a setting of 30 dB HL, and present the first signal. If the subject 
does not respond to that tone, we increase the level by 5 dB= to 35 
dB HL and again present a tone. Assuming that he does respond at 
this level, we go up an additional 5 dB and present a tone at 40 dB 
HL. When he responds with his second consecutive response, we 
attenuate the tone 15 dB and again ascend in 5 dB steps. Threshold 
would be defined as t^lowest level at" which he responds correctly 
a minimum of three time^ with the maximum number of ascents being 6. 
In summary, the specific test methodology consists of two steps, 
familiarization and threshold exploration. The procedures to be 
followed by the tester are specificaliy^detailed. 



Test frequencies ^ ' ^ 

Next, we need to consider the frequencies to be tested, the 
order, and the recording of results. Thresholds are usually de- 
termined at octave intervals from 250 Hz through 8000 Hz. If the 
difference in thresholds obtained between any two successive octaves 
is 20 dB or more, and the ^audiometer allows for testing at inter- ' 
octave intervals, complete such a measurement. An example would be 
a hearing level of 20 dB at 1000 Hz with a hearing level in the 
same ear of 50 dB at 2000 Hz. In such a case, a measurement at 
1500 Hz is indicated. When appropriate information is available, 
the better ear shall be tested first. The initial test frequency 
shall be 1000 Hz. If no information is available as to the status 
of the ears, it is suggested that the test begin in the right ear 
at 1000 Hz and next<i (complete the measurement at 1000 Hz in the 
left ear. Continue the test in the better ear, if one is determined. 
The sequence is to b^lOOO Hz, 500 Hz, 250 Hz, retest, at 1000 Hz, 
2000 Hz, 4000 Hz, and 8000 Hz. Having completed the test in one 
ear» complete the measurement .in the second ear following the same 
sequence. 



Recording results 




The results of the test are to be'irecorded using the follow- 
lols: a "0" for air conduction measurements in the right ear 
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and an "X" for air conduction measurements in the left ear. Air 
conduction scores for each ear are to be interconnected by a soli^ 
l^J]^*- Jff J^o„/^5PO"se is obtained at the maximum limit of the 
audiometer, the S)mit6r for tif^ yl^ced" w thre"a 

at the level of the maximum output of the audiometer with an arrow 
pointing down. 

To review, the method for manual air-conduction puretone 
threshold audiometry is as follows: Instruct the child in language 
appropriate for his age indicating the response task, which is to 
include a signaling of both tone on and tone off as well as the ear 
in which the tone is heard. Next, the determination of threshold 
includes both familiarization and threshold exploration. Familiar- 
ization is accomplished by turning on the tone and gradually sweep- 
ing up until the child signals that he hears it. Threshold explora- 
tion is then begun at a level 20 dB below the child's response to 
the familiarization tone. It consists of short-duration tones at 
levels based on the response to the preceding presentation. After 
each failure to respond, the level is raised 5 dB until a response 
is obtained and then raised an additional 5 dB. After two consecu- 
tive responses, the intensity is decreased 15 dB and another series 
initiated. Threshold is defined as the lowest level at which re- 
sponses occur in at least half of the ascents with a minimum of 
three responses required at a single level. Air-conduction thres- 
hold measurements are completed at octave intervals from 250 Hz 
through 8000 Hz, and at interoctave intervals when any two successive 
octaves differ by 20 dB or more.^The order of presentation begins 
at 1000 Hz, tests the lower frequencies, and then sequentially the 
frequencies above 1000 Hz. 



Possible problems in air-conduction measurements 



Equipment calibration . The condition and calibration of your test - 
equipment is, of course crucial to the obtaining of valid results. 
Research has demonstrated that many portable audiometers in use in 
public school hearing conservation programs do not meet calibration 
standards. On the other hand, a recent study has demonstrated that 
if such equipment is placed in full calibration, it maintains good 
stability during periods of heavy use, suggesting the fact that 
many audiometers used in schools may never have been placed in full 
calibration. The tester must determine that the equipment being 
used is receiving the necessary full-scale calibration on at least 
an annual basis. In addition to' this, many school districts may 
want to provide the necessary sound measurement equipment to complete 
intensity-only calibrations on a more frequent basis. Finally, each 
piece of equipment should be checked by the tester prior to the start 
of the day's testing. To complete such a check, the audiometer is 
to be plugged in and allowed to warm up at least 5 minutes. The 
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tester then puts the earphones on himself, turns the hearing level 
dial to 30 dB and listens to the signal first in one ear and then 
in the other ear. This check allows the tester to be sure that 
equjil^ signals are being delivered to each earphone. Then, the 
tester quTcRTy jjtetermi nes hi s thresh oltl i r> each^ ^ar^- The Dbtai ned 
results should compare favorably with his known threshold. If not, 
he should compare his results on that audiometer to those obtained 
on a spare audiometer. In addition to determining threshold, he 
listens for any audible clicks or other sounds which might clue the 
child as to the presence of the tone. If such clicks, etc., are 
present, again a spare audiometer should be used. A reserve comple- 
ment of 15-20 percent is suggested (or one spare for every six 
audiometers in use). 



Test environment . The test environment must be adequately quiet 
to allow testing to be completed. Ambient noise is present pre- 
dominantly in the low frequencies and will interfere most with test- 
ing at 250 Hz, and then 500 Hz and 1000 Hz. In most school environ- 
ments, testing at frequencies above 1000 Hz can be completed without 
undue concern for ambient noise. A check to determine the adequacy 
of a test environment may be completed by using a sound level meter 
and comparing results to normative values. If such equipment is not 
available, you may presume that testing cannot be satisfactorily 
completed at any frequency where your threshold is shifted by 5 dB 
or more by the presence of ambient noise. You cannot correct for 
ambient noise by subtracting the amount of shift in your threshold 
from the results obtained for each child. Ambient noise ^iffects 
persons differentially depending upon whether or not they have ^ 
hearing loss. Thus, if you find that the noise level is too high 
for a given test frequency, you simply cannot test adequately at 
that frequency. 



Earphone placement . The placement of^ earphones is important. The 
tester should place earphones on the child and see that they are 
properly aligned with the ear canals. Occasionally a child, in 
placing the earphones, will not provide such an alignment and may 
even, in rare cases, fold the pinna over the ear in pulling^ the 
phones on from behind. Also, if in testing you find a loss only 
at 6000 or 8000 Hz, move the earphones slightly and re-test. Such 
results may reflect the presence of standing waves in the ear panal 
which will produce spurious results. If such a movement does shift 
the threshold to a better level, i,"ecord the better level. 



Unintentional cues . The mannerisms of the tester may provide unin- 
tentional cues to the child as to when the tone is on and when it 
is off. For example, if you look down at the test equipment, adjust 
the hearing level dial setting, look up at the child* and then turn 
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the tone on, he may be responding only to the fact that you have 
looked at him expectantly. More subtle cues such as shoulder move- 
ment, etc. .may be apparent to the child. Some testers have the child 
face away to avoid this problem. However, the tester then loses many 
N/aluable cues to responses in the form of eye movement, etc. Also, 
without eye contact, some social reinforcement such as a smile or a 
nod of the head cannot be used. 

A good way to check for the possibility of unintentional cues 
is to have a friend serve as a subject and observe carefully your 
testing manner to see if any detectable cues are present. Similajr 
to observable visual clues are timing cues whicfi may be apparent. 
Testers often fall into a rhythmic pattern of tone presentation. 
Th? child may be '^responding to an expected tone based on the past 
rhythm -of presentations rather than to an actual tone. Again, fall- 
ing into a rhythmic pattern may produce a higher rate of false alarms. 
One solution is to vary the interval between tone presentations to 
see that you don't fall into a rhythm pattern. - 



Mi^recordfng of data . Misrecording of data may include two types 
of errors. First is the simple error in recording data on the 
audiogram form. Be sure that you have entered the threshold at 
the proper hearing level and for the proper frequency and ear. The 
second type of error may be the intentiona' misrecording of data 
such as occurs because of previous expectations. For example, in 
bone conduction testing we often expect that the obtained score caj:^'^ 
be no poorer than the air-conduction score. If in actuality we tinci 
a score which is 10 dB poorer, the tester very often will shift that 
score to make it agree with the air-conduction score. In just such 
a maimer we may expect a child to have better hearing than he is 
demonstrating, and so accept any response which happens to occur during 
the time the tone was on, rather than holding to the rather rigorous 
response criteria described above. The tester*s first reaction to 
this type of information is "Who, me?*' „ yet I would dare say that 
all persons wha test hearing have at one time Or another misrecorded 
data in this manner. 

Audi ometer_ cues . Just as the tester may provide unintentional cues 
to the child, the operation of the audiometer may provide unwanted 
cues. iFor example, a noisy tone interrupter switch or the overzealous 
pushing of a tone interrupter switch may provide a clearly audible 
click which the child detects. The child is not intentionally trying 
to- cheat on the hearing test; however, when he hears ^this click, he 
is apt to imagine th* tone is present and so signal. Other examples 
of instrument cues include the reflection of a tone-on light on the 
face plate of the audiometer from a shiny button on the tester* s 
clothing, the visibility of this tone light from the back of the 
audiometer so that the child clearly can see the tone-<5n light going 
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on and off, or -the presence of acoustit clicks coupled* with the 
signal, as discussed under calibration. Again, careful observation 
is necessary to find and/or avoid this problem. 



Fear of test situation . Some children, particularly very young child- 
ren, may be frightened by the circumstances surrounding the test. In 
most such cases, simple reinstruction and/or inclusion of play- 
audiometry response procedures will allow the tester to complete the 
test. In addition to the play procedures involving placement of a 
ring on a spindle or dropping of a marble in a bottle, one might con- 
sider such tasks as pulse counting or ear-choice methods. In pulse; 
counting, the child is told that he will hear either one, two, or 
three tones and he is to tell you the number he hears. For some 
children, this sort of procedure will make the task more game-like 
and thereby more pleasurable. Also, this procedure may help in cases 
of children giving high rates of false-alarm responses. In the ear- 
choice technique, the child is simply to point to the ear in which 
he hears the tone and the tester randomly varies between the ears 
rather than testing all frequencies in one ear first. Again, the 
task is somewhat more game-like and thereby more attractive to some 
children. . 

To concfude, the completion of manual puratone air-conduction 
audiometry demands first that proper equipment, maintained and cal- 
ibrated, be provided. Secondly, an adequate test environment must 
be available. Third, the child must be properly instructed. Fourth, 
a standard method of measurement, including both familiarization and 
threshold determination is to be employed. Fifth, the obtained results 
are to be recorded property on the audiogram blank, and finally, the 
tester must avoid any upntentional cues which would influence the 
test results. ^ 
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TYMPANOMETRY TESTING PROCEDURE 



1. Set the equipment in- the "ready" position: 

1. Impedance Audiometer turned "on." 

2. ' Presisure dial set at "0." >^ * 

3. ..Sensitivity dial set at "off." ' ^ * , 

4. Recorder level in the "load" position.^ 

'5. Both edges of the recorder paper fastened down. 



II. ^ To obtain a tympanogram: 

1/ Note if the air pressure needle reads "0." If it does not, 
call a consultant for adjustment of the manometer. 

2.. Examine the child's ear for excess-ive cerumin and to de- 
termine canal size. 

3. Place a .PVC eartio on the probe and insert into test ear. 

4. To obtain a seal, introduce +200 mm H2O pressure by rotating 
the air pressure dial clockwise. The seal is airtight if 
the needle holds* at +200 mm H2O or leaks ^by no more than 

20 mm H20''in 10 seconds. 

5. If no seal can be obtained within 60 seconds, after trying 
several styles and sizes of tips, attempt a seal in the* 
opposite ear. If a seal cannot be obtained on 'the opposite 
ear eitheV, call a consultant for inspection of the equip- 
ment. . ^ . " 

6. If no seal^can be obtained within 60 seconds in either ear,- 
schedule'^thW'Child fpr a ^reexapii nation and proceed to the ^ 
next child. . ' - / 

7. ^Turn sensitivity knob to "T." 

8. Adjust the intensity knob until the compliance change meter 
needle is on the red'zero (0)l. ' 

9. Move the recorder lever from the load position to '"up," then 
^^move it to "down," allowing the arm to stop in e.ach position 

' momentarily. 

10. Reduce the air pressure smoothly to at least -200 mm H2O 
'by pushing the Positive-Negative switch to the left.. 

11. Put the recorder lever in the "load" position. 

12. Push the air discharge button and remove the probe tip from 
the ear. v ' 

13. Repeat the procedure for the second test ear.* 
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A NOTE ON TYMPANOMETRY 



Tympanometry, is one form of a group of measurements known 
as acoustic-impedance *measurements. Acoustic-impedance measurements 
describe the opposition encountered by an acoustic wave. Thus, 
acoustic-impedance^ measurements may be used to chart the opposition 
provided by the tympanic membrane and middle ear structures to the 
movement of sound ^enjergy through the structures. Any change in the 
normal state of these structures will cause a change in the amount 
of opposition encountered 'by an acoustic wave. 

Two basic pa^^ameters are involved in describing the middle 
ear system: compliance and impedance. Compliance Is an expression 
of the middle ear system's ability to transmit energy through the 
tympanic membrane to the oval window. It is a measure of the mobil- 
ity of the system. Impedance is a complex ratio which describes the 
total resistance of the system to the flow of energy. It is a meas- 
ure of the immobility of tl e sy'*t;em. ^ 

In tympanometry, a puretone is presented through a probe. tube 
to the tympanic membrane. The amount of, sound energy reflected back 
from the tympanic membrane (measured in acoustic ohms) describes the 
relative efficiency of the system. If much of the sound energy is 
reflected off the tympanic membrane, rather than passed through the 
oval window, the impedance is said to be high, and the system stiff 
or less compliant than normal. This is often the ca?e in ears pre- 
senting an otitis media, where the ossicular chain and tympanic 
membrane are impeded by fluid. It is also seen in cases of 
otosclerosis. The ''opposite picture is generally seen in an ossicu-^ 
Jar discontinuity, where more than normal soun4 pressure is passed 
through the oval window. Here the system is said to be. hyper- 
tompliant. 

In tympanometry, compliance is measured under conditions of 
varying air pressures in the external auditory canal . The range^of 
pressure extends from +200 mm H^O to -200 mm HgC Maximum compliance 
or "ambient" pressure will be obtained at the point at which the air 
pressure in the external canal is equal to the air pressur*^. in the 
middle ear. In a normal ear, since the air pressure in the ear canal 
and the air pressure in the middle ear are equal or very nearly equal, 
maximum compliance will be obtained at 0 mm HgO. If the point of 
maximum compliance is meas^ured at -200 mm H^O, there is said to be 
"negative pressure" within the middle ear, indicdv^ing that the 
tympanic membrane is probably retracted. Children with a serous 
otitis media often show both reduced compliance aiid negative middle 
ear air pressure, suggesting that not only is the eardrum retlracted, 
but that the middle ear structures are not free to vibrate with max- 
imum efficiency. Incipient or resolving phases of otitis media may . 
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show only negative internal air pressure witf? normal compliance. A 
purulent otitis media may show positive internal air pressure. Thus, 
many different conditions of compliance as a function of applied air 
pressurfe may exist. Several considered distinctive enough for 
classification are illustrated below. 




AIR PRESSURE 



^1^. normal 

2. negative pressure and reduced compliance 

3. negative pressure and normal compliance 

4. normal pressure and super-compliance 



Tympano me try and the puretone audiogram 

Substantial research evidence exists to indicate thai air- 
conduction/bone conduction cofnparisons are a reasonably inefficient 
means of detecting all cases of active or past middle ear pathology. 
Identification audiometry, which involves only air-conduction measure- 
ment, is even less accurate in such detections. The significance 
of tympanometry in terms of school hearing conservation programs 
is, therefore, related' to its sensitivity in detecting middle ear 
problems. Since hearing loss due to an otitis media typically 
fluctuates, some children may not be identified by puretone screen- 
ing, yet will show abnormal tympanographic patterns. Whether or 
not there is an educational handicap accompanying the middle ear 
pathology, regular audiological evaluation in conjunction with a 
medical referral are required for proper management of the child. 
For children presenting the opposite testing results, passing 
tympanometry and failing on puretone screening and threshold meas- 
ures, the hearing loss is most likely sensori-neural in nature. 
These children become an immediate educational concern. Thus, tym- 
. |)anometry in conjunction with puretone audiometry allows tfje defi- 
nition of medically significant middle-ear problems as well as the 
definition of educationally significant hearing problems. 
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TYMPANOMETRY 



Tympanometr^y Is one form of a group of measurements known 'as 
acoustic-impedance measurements. In simple terms, acoustic-impedance 
measurements describe the opposition encountered by an acoustic wave. 
Thus, acoustic-impedance measurements may be used to chart the- oppo- 
sition provided by the tympanic membrance and middle ear structures 
to the movement of sound energy through the structures. The tympanic, 
membrane and the ossicular chain serve the important function of pro- 
viding an efficient transfer of energy from the air-conducted sound • 
of the ear canal to the fluid-conducted energy of the inner ear. Any 
change in 'the normal state of these structures will cause a change 
in the amount of opposition encountered, by an acoustic wave. For ex- 
ample, the presence of fluid in the middle ear such as occurs in otitis 
media, may greatly increase the opposition or acoustic-impedance of 
the system. Since acoustic-impedance measurements allow assessment 
of this opposition, they provide the clinician with a means of deter- 
mining the efficiency of the middle ear structures* From these ..measure' 
ments, one may infer the presence or absence of certain middle-ear 
pathologies. 

Several terms are used frequently in describing this unique meas- 
urement system. The first term is impedance . Impedance is a complex 
ratio which, we may define as the total resistance to the flow of energy 
or a measure of the immobility of a system. Thus acoustic-impedance 
measurements chart the opposition to movertient encountered by an 
acoustic wave. The next term is compliance . Compliance is defined 
as a measure of the mobility of a system, and units of compliance may 
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be used to express the mobility of the middle-ear structures. 

. The third term is tympanometry ■ Tympanometry is an objective 
measurement of the mobility or compliance of the tympanic membrane 
under conditions of varying air pv^essure. Thus, to complete tympan- 
ometry, we must make measurements of the compliance of the tympanic 
membrane as we introduce changes in air pressure in the external 
audi tory canal . In review, impedance is defined as the total oppo- 
sition to energy flow while compl iance is a measurement of the mobil-^ 
ity of a system. Tympanometry is the measurement of the compliance 
of the tympanic membrane under conditions of varying air pressure in 
the external auditory canal. 

To assist in understanding these concepts further, consider sev- 
eral examples. Note first that the tympanic membrane will be maximally 
compliant or mobile when the air pressure in the middle ear is equal 
to the air pressure in the external canal. Thus, in a normal ear, 
since the air pressure in the ear canal, and the air pressure in the 
middle ea^ are 'equal or very nearly equal, maximum compliance will 
be obtained at -zero or ambient air pressure. However, consider a 
child with intact ear drums and poorly functioning Eustachian tubes 
which cause his tympanic membranes to be retracted. In such a case, 
tn'p point of maximum compliance will more than likely be found when 
negative air pressure val ues 'are introduced in the ear canal. The 
negative pressure ir the ear canal refturns the ear drum to its normal 
positiah from the retracted position and allows the system to be 
maximally compliant. Thus, when maximum compliance is obtained under 
coijiditiobs of negative pressure, one knows that the tympanic membrane' 
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is retracted. A second example might be the child with fluid in the 
"irn^dle ear^" iT s'ucV a the middle ear structures are not free 

to vibrate and the maximum compliance value obtained would be much 
lower than in cases with. normal middle-ear conditions. The intro- 
duction of different air pressures into the external canal may alter 
only slightly the compliance readings since the structures simply are 
not free to move regardless of the pressure in the external canal. 
In both of these examples of pathology, the results of tympanometiry 
would first indicate that the ^middle ear structures or conditions 
were abnormal and second would suggest the basis of the abnormality. . 

Now let's consider how acoustic-impedance measii>^ements may be 
completed. Although several approaches to the measurement of acoustic 
impedance are available, we shall limit our discussion to the use of 
the electro-acoustic impedance bridge. With this instrument, a pure- 
tone signal called the probe tone is introduced through a tube which 
is sealed in the ear canal. This signal strikes the tympanic membrane 
and most^f the energy is transmit^ted through the middle-ear struc- 
tures. However, depending upon the compliance of tl]e_tympMiic_iiiemr — 
brane, -certain amounts of energy are reflected back. A second tube, 
also sealed in the ear canal, leads to a microphone which monitors - 
the amount of reflected energy. The bridge is designed to compare 
the relationship between the puretone signal being presented to the 
ear canal and the reflected signal coming back to the bridge^ This 
comparison provides measurements of the .compliance of the tympanic 
membrane in arbitrary compliance units. For purposes of tympanometry, 
a third tube is sealed in the ear canal and allows for the provision 
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of both positive afr pressures and nega^ve_ air. .pressure be ia-_.- 

troduced into the ear canal. Thus, the compliance of the tympanic 
membrane can be measured .under varying conditions of air pressure 
in the external canal ^hich, as you will recall, was our definition 
of tympanometry. To recapitulate, three tubes, obviously very small, 
are sejaled in the ear canal. One transmits a probe toner a second 
allows for a monitoring of the reflected sound energy from the 
tympanic membrane and the third allows for application varial)le 
air pressure in the canal . We must emphasize^^tfiat the puirpoi^e of 
the probe tone is solely to provide an ,a(COustic wave, so that we may* 
make acoustic-impedanc^e' measurements of the system. The individual 
does not respond to the tone and it is unimportant whether he hears 
the tone or not, since we are making a measurement of the impedance^ 
of the middle ear structures, and not a measurement of the hearing 

sensitivity of the total system. Since acousticVimpedance measure- 
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ments do not>equire any specific response by the individual , they 

may be completed on anyone who is cooperative to t^e point of remain- 
ing still for the short time "nice a ry to complete t^e measurement.- 
Thus, they can be completed on 'neonates'^, mentally retarded children., 
and other difficult- to-test patients. Also, such measurements can ^ 
completed under sedation. ' 
The sign^ificance of tympanometry in terms of a school hearing 
conservation progran is related to its sensitivity in detecting 
middle ear problems. ^Substantial research evidence exists that air- 
conduction--bone-con^ (.tion comparisons are a reasonably inefficient 

means of detecting a'l ' cases of active or past middle-ear pathology. 
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IdehtifiVal^^^ which involves only air-conduction meas 

urement, is even less accurate in such detections- Thus, tympan- 
ometry can become part of an identification audiometry battery whi 
will allow for the definition of medically significant middle-ear 
problems as well as the definition of educationally significant 
fiearing losses. 
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PROCEDURES FOR COMPLETING TAMI FORM 74-1 



Use only a dull , number 2 pencil. Erase any error completely; 
smudges will be misinterpreted by the computer. 

.Complete the heading blocks first. 

Blacken the designated area to the printed bracket, being certain 
to cover the number (or letter) completely. If necessary, go over 
the number (letter) several times to insure a fully blackened area. 

Stay in the. correct columns. 



A. Section 1 

1. Heading: complete the heading to the following sub-^ 
sections: 

a. District number 

b. School code 

2. Sense-mark areas: fill in sense-mark areas for the above 
sub-sections. 

3. Exam date will be completed, by volunteers on the date of 
. ' examination. r 

B. Section 2 

1. Heading: enter as many letters of the child's last and 
first names as space allows. Enter the middle initial. 

2. Sense-mark areas: starting in the first column for the 

, last name, blacken the appropriate box beneath the letter 
of the name. Be careful to stay in the correct column and 
to blacken the areas completely. 

C. Section 3 

1. Heading: student numbers have been provided by the TAMI 
Project. If unnumbered forms are used, student numbers 
will be provided^t the time of examination. 

2. Sense-mark areas: where TAMI numbers are provided, blacken 
' sense-mark numerals. \he right-most digit in the number. 

(i.e. the digit in the \nits" position) must be entered in 
the right-most column. ' 
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D. 



Section 4 



1. Heading: enter child's birthdate using numerals. Ex- 
ample: if the child's birthdate is June 9, 1964, enter 
060964. 

2., Sense-mark area:, blacken appropriate numbers. 

E. Section 5 

Blacken the child's equivalent grade level. Be certain to 
fill in the area completely for grade. 

F. Section 6 

Blacken the box corresponding to the child's most representa- 
tive ethnic group. Native American isthe same as American 
Indian. 

G. Section 7 

Mark YES if the child is known to have a Hearing loss; 

Mark NO if he does not have a hearing loss; 

Mark UNK if the child's hearing status is unknown. 

H. Section 8 

Blacken the box corresponding to the child's sex. 

I. Section 9 v 

1. Tvfo left most columns : enter the number of absences 
which the student has accumulated since school began 
in September. 

2. Middle two columns : enter the child's equivalent grade 
level for READING . Use two digits. Example: For a 
child reading on the 4th grade level, enter "04." 
Record "90" for children reading below the first-grade 
level. 

3. Two right-most columns : enter the child's equivalent 
. level for ARITHMETIC . Use two digits. Example: for 

the child functioning at 5tK grade level in arithmetic, 
record "05." Record "90" for children functioning below 
the first-grade level. 



Many thanks for your help! You are making it possible to test far 
more children in a limited time than would otherwise be possible. 
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PROJECT TAMI QUESTIONNAIRE 
ADMINISTRATIVE STAFF 



Ue realize that it is the end of the school year with sub- 
sequent pressures on your time. However, we would* appreciate your 
careful thought to the following questions and your prompt return 
of this form* If possible, we would appreciate your either return- 
ing the forms to the Speech and Hearing Supervisor of your town or 
sending U directly to the TAMI staff at their office by June 30. 
The address is: 

Project TAMI 

Capitol Region Education Council 
443 Windsor Avenue 
Windsor, Connecticut 06095 

Please feel free to add comments as you^ a^sire. It was 
very enjoyable working with each of you. You have all been excep- 
tionally cooperative and your continuing interest will go a long 
way towards making the future of the TAMI model a success. Thank 
you all for working so hard. 



Respondent's position District/Town 



1. How interested are you in continuing to have tympanometry incor- 
porated in the hearing screening program in your school (s)? 

J Greatly Interested 

Generally interested 

Not particularly interested 

Disinterested 



2. How feasible is it to complete mass hearing-screening testing In 
your school within two-four days? 

Completely feasible 

. ^ Generally feasible 

Not particularly feasible 

Infeasible 

3. Giyen the requirement for a "silent" room (difficult, we realize 
in a public school), what is the likelihood that such a room for 
puretone testing (such as that utilized for TAMI) could be used 
for up to three days. • ' 

" Such space can be guaranteed 

J ^ Possibly found 

Not likely to be found 

Unavailable 
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How strongly would you encourage your town/board of education 
to invest in a tympanometer within the next three years? 

Strongly encourage 

^ Generally encourage . 

Discourage ■ ' ^ 

Strongly discourage 



In your opinion, should the detection of abnormal middle ear 
conditions (as provided by Tympanometry) be incorporated 
routinely in the health services provided by your schools? 

Definitely *'yes'* 

Generally "yes" 

" Probably not ^ 

Definitely not . 



How often are the audiometers in your district sent out for ser- 
vice and recalibration? 

^ Every six months 

Yearly . ' . 

Every other year * ~^ 

Every third year 

Less often 



Given the size of the Project and the time limits under which it 
had to be administered, how efficient was the execution of the 
TAMI Project in jrour school (s)? 

Exceptionally efficient 

^ Generally efficient 

Somewhat inefficient ^ 
Inefficient ' . t ^ 



Given the same constraints as in #7, above, how much disruption 
was there of your school 's daily routine? 

o 

,- Complete disruption 

Generally disruption . . . 

Some limited disruption 

No disruption at all 
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9. Comments received from teachers about TAMI .have been generally: 

Strongly positive 

Generally positive 

^ Somewhat negative 

Strongly negative 

10. Comments you have received from nurses and speech aad hearing 
clinicians have been: 

Strongly positive 

Generally positive v 

Somewhat negative 

^ Strongly negative 

11. CommeTits from parents of the children tested have been: 

Strongly positive 

- Generally positive 

, Sompwhat negative 

Strongly negative 

12. Did your school (s) have adequate advance notice (including news- 
coverage) of the project? 

> Definitely "yes" \ 

Generally "yes" 

Generally noV . 
Definitely no ^ 

Again, thank you all. for working so hard. We hope that we have a 
chance to meet again soon. Have a nice summer. 

r 

Sincerely, 

THE TAMI STAFF , 



JAMI FOLLOW-UP QUESTIONNArRE — 

(Nursing and Clinical Staff) 

Respondent's Job Classification ' 

Di strict/Town " ^ ^ | ■ 

I. INTRODUCTORY INFORMATION 
A. Meetings 

(1) Did the supervisory meetings meet your specific needs 
for: 

YES NO 

(a) Information for your staff? 

(b) Information for administration? * ^ 

(c) Information for parents? ^^^^ 

(d) Information for volunteers? ^ 

(2) What other specific information could have been included? 



B. Handouts/Mailed Information 

(1) Did you receive the pink TAMI data sheets well enough in 
advance? . Yes N o ' 
If not, how much lead time would you prefer? 

. (2) Did you receive adequate instructions for: 

YES NO 

(a) Filling out forms? ^ 

(b) Organizing volunteers? 

(c) Obtaining adequate test sites? 

(3) Have you found the various fact sheets useful? 

^ _^^„-,^^JY£S NO-. 

(a) Note on Tympanometry . 

(b) Note on puretone screening ■ 

(c) Referral form • 

(4) Suggestions and Comments ' 



II. TRAINING SESSIONS 
A. Puretone 

(1) Was there adequate theoretical discussion? r 

YES NO 

(a) puretone screening ■ 

(b) puretone threshold ___ 
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(2) Was more written/handout information felt necessary? 

_ . ' ^ ^ YES NO 



(3) Were our instructions on procedures clear eriouglr? ^ 
YES_ NO If no, please commen t j_ 



(4) Was enough time spent on the theory and procedures for 
obtaining puretone results? YES NO 

(5) Do you feel that you gained new skills in: 

' . • ^ .YES NO ' 

(a) puretone screening -- 

(b) threshold' procedures 

If no, please comment 



(6) What in the puretone presentation would you suggest for 
retention or change in future preliminary workshops to an 
identification program? . 



B. Tympanometry 

(1) Was there adequate theoretical diccussion? 

YES NO 



(2) Was more written/handout information felt necessary? 
^ . YES NO 



(3) Given the time limitations, do you feel that you gained 
sufficient knowledge of how to run the tympanometer? 

YES NO 



(4) What in the tympanometry presentation would you suggest for 
retention or change in future preliinnary workshops to an 
identification audiometry program? [ - 
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III, FEEDBACK TO PROJECT 

A. Personnel (Nurses and Clinicians) 
(1 ) Puretone 

(a) Are the nurses and clinicians willing to use the ASKA 
model, i.e. screening at 1, 2 and 4 K Hz? 

^ ^ YES NO 

If no, why? i 
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(b) Do you feel you gained new skills in: 

screening procedures YES NO 

threshold procedures YES__ NO 

(c) Do you feel a need for more or less supervision on: 

— . screen i ng procedures MORF . LESS 

threstTol^^oc^dures-^ MORE LESS 

/ (d) Was supervision adequate at , the time of testing? 

YES NO 

If no, please comment_ ^ ^ 

(2) Tympanometry 

(a) Do you feel you gained the skills to use tympanometry 
in the future? YES, N O 

(b) In what areas do you feel weak? 

(1) obtaining a seal . 

(2) working the instrument 

i3) troubleshooting equipment breakdowns 

(4) calibrating the equipment 

(5) setting up and taking down the equipment 

!6) interpreting pass/fail 

7) interpreting tympanogt^aphs ^ 

8) recording data 

(9) other . ^ 

(c) Do you feel you have a basic understanding of what 
tympanometry measures? . YES NO 

(d) Was supervision adequate at the time .of testing? . . 

' YES NO 

If no, please comment \ ' 

Administrators^ ^ 
(1) Pure tone 

(a) Considering the effectiveness of the project in iden- - 
tifying children with hearing losses, do you think you 
can effect any changes in the conditions under whicf\ 
you must do .puretone testing in the future? \ 
^ YES NO 1 

If no, please comment . 



Cb) Is it possible for your school system to complete 
puretone testing within 2-3 days per school?' 

YES NO 
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(2) Tympanometry 

(a) Would the administration support the use of tym- 
panometry in the future? YES . N0_ 

(b) Do you expect that your towrf will invest in tym- 
pan6metric equipment in the future? YES NO. 

(c) What financial aid for purchasing and maintaining 
nodto^ogic^l equipment do you have? (i.e.. Lions, 
Rotary, school board, PTA, etc. ..) 



(d) If tympanometers were available through CREC, in what 
month and for how long would you_want- to use them? 



C. Teachers 

(1) Were your* teachers generally cooperative: 

(a) in getting ready for TAMI? "YES NO 

(b) during testing? - YES NO 

(2) What was the nature of their response? 
Positive Neqati v e ^ 

Please comment_ 

b. Parents 

(1) Have the parents of your town supported the use of 
tympanometry? General comments 1 

(2) Do you know what percentage of parents followed through on 
the Project's recommendations? \ 

(3) What was the general feeling of the parents involved as 
volunteers? 



C4)' Would you employ volunteers in a future project? 



IV. REFERRAL COMMENTS 



A. ' Referral 



(1) How much time elapsed between the completion of testing 



and when you received the student listing? 
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(2) How much time has elapsed between the return of the 
TAMI data and referral? ' 



(3) Are you referring the borderline cases? (i.e. "2NN3" 

in one ear and normal puretone results). YES NO ; 

(4) Do you generally refer to an otologistor local pediatrician? 
Often Seldom ' Never. 



B. Medical Response to tympanometry referrals , 

(1) Has your school discuss^'d tympanometry with your doctors? 
- ' ijbat--were their comments? 



(2) What do you feel is the best way to "approach your docTors 
wi th Inf ormati on about tvmpanom&try? 



C. Follow-Up' Procedures 

(1) Do you arrange to retest each child placed under medical 
care? YES NO " 



(2) Who (nurse or clinician) consults wiijh the classroom teacher 
when a specific, child is referred? 



FUTURE CONSIDERATIONS FOR AN IDENTIFICATION PROGRAM 

(1) Do you plan to use the TAMI model in the schools for: 
Next year? . YES N0_ 
In the future? YES N0_ 



(2) Do you feel a program like TAMI has in any way changed the 
working relationship between the nursing- and speech and 
hearing staff? YES NO 



If so, how? 



(3) Would you consider doing a similar team approach in the 
future? YES N0_ 



(4) Do you see a need for ongoing consultation and/or training 
in: . 

Puretone screening YES NO 

Puretone threshold YES NO 

Tympanometry YES - NO 

(5) Would you be interested in an Impedance workshop next 
hll? YES. NO 

Areas of interest , ■ 



(6) Did any nurses or speech and hearing staff outside of 
those involved in TAMI express an interest in future 
workshops and identification programs of this sort? 

YES N0_ 

(7) Under what forma t^^ would you like to use tympanometry in 
the future? / 

Kindergarten only 

K and first grade 

K through third • 

K and rescreen only 

Other ^ ' 



Thank you for your assistance and cooperation in attaining this add'i 
tional information. 

r 

Have a nice summer. 

Sincerely, 



The TAMI staff 



SAMPLE HEARING SCREENING REFERR^\L FORM 



School 



District 



Name 



Date of Screening 



Dear Dr- 



The above-named child participated in our hearing .screen- 
ing program. We refer him to you for medical examination- Test 



(1 ) Puretone Screening 
Right Ear 



Left Ear 



Pass 
Fail 



(2) Puretone Threshold 
Right Ear 



Left Ear 



Within normal range 
(0-20 db HTL) 

Mild loss (20-40 db 
HTL) 

Tlodehate loss (41-55 
db HTL), 

Severn loss (56-70 
db HTL) 



(3) Tympanometry 

Right Ear' 



Left Ear 



Normal middle ear pressure; normal middle ear compliance 

Negative middle ear pressure; normal middle ear compliance 

Jiormal middle ear pressure; reduced middle ear compliance 

Negative middle ear pressure; reduced middle ear compliance 
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' ^ MANAGEMENT SERVICES RECORD 

Niroe of Child ' 

TAMI ID # ' • , 

Date of Repor t 

Date Identified^^ , • - • 

School > / . 

Cit y " 

ProfessionaT'respondent{s) completing this form: . ^ 

^" . . (Complete all applicable items in each sectioa) ~~ 

I. Results of TAMI Hearing Screening 

passed puretone threshold ^ Failed puretone threshold 

Passed tympanometry ' Failed tympanometry 

11 • TAMI Referral -Statement Recommended 

E ducational management* 
M edi cal management 
:^Both 

--^ -^^-4totlJy-4^arfents_, - 



III. Status of Referral ' 
Notification of Findings Made to 

^ ^Physician - 

J5chojC)l nurse 

Lang.', Speech and Hear.. Clinician \ 

- , _School principal ' < 

Classroom Teacher 

^Parents 

- Other (Specify) ' 

Medical Management and Intervention « 

, physician's management i n process completed continuing 

ptolpgist's management in process completed continuing 

Recommended Medical Intervention , 

Record Prdcedur'es Used (i.e., wax removal* surgery, etc.) 
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Dat e . - M .D. 

'■ — ^ 7 ~r ■ 

Medical Findings 

C onfirm results of hearing testing 
" D o not confirm results t)f hearing testing 

Recommended Medical Follow-Up * 

■'■^ - 

Recheck by managing iM.D. Qat e 

Surgery by managing M.D. Date 

Referral to Date 



Othe r Date 

■ •■, . ■ •.. . 144," 
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Educational Management and Intervention 

Lang., Speech and Hear. Clinician in process 

Aiidiologist 



Classroom teacher 



jcompleted continuing 

ill process completed ^ continuing 

in. process completed continuing 



Recommended^Educational Intervention 

Preferentialf,,seating . 

^ Hearing aid ; 

^Language andvipeech services 

PPT conference* » * / 

. Classroom teacher conferetice 

Parent conference 

^ \ Tutorial help 

Special class placement (title and location_ 

No further management 

" . pther (specif y 



Recortmended Educational Follow-up 

Preferential seating 

Hearing aid assessment . 

PPT referral 

Classroom teacher conference 

^Parent conference 

Hearing rechecks ^bi-monthly monthly quarterly 



annually 



Au^Mo^fCaTTTar^^ 

Audialogist ^ ^i.n process _ 

Nurse Jn process _ 

J-ang., Speech and Hear. Clinician in process 



J^escreen 
""Results 



Date 



Complete Evaluation 
Results 



Pass: 
Fail- 

Date 



Audiological 
RE LE 

RE ; LE 



jcompleted jcontiniiing 

"completed continuing 



Tympanometric 

RE LE 

RE LE 



Type bf loss: 
Degree of loss: 



Coirments : 



Sen sori -neural 

"re 

normal 

moderate 

severe 



jConducti ve 
LE 



Recommended Audiological Follow-up 

Hearing aid management 

Referral to 



Date 
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Hearing recheck 

bi-monthly 

fijonthly 

^quarterly 

annually 

pther (Specify ' ' 

Audiological Findings 

Confirm results of TAMI hearing screening' 
Do not confirm results of TAMI hearing" screening 
~ 14ii 
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Audiological Tympanometric 



1 ) 



AUDIOMETER CALIBRATION WORKSHEET 

■ • ' DATE 

IDENTIFICATION INFORMATION ; • rvAMiMm" 
' : EXAMINER 

Owner ' " 

Model 



\ 



^ear ^ ^ \ 

— \ ■ ■ ■ \ 

Serial No. ^ - 

TAMI # • . . . 



Physical Characteristics (Mechanical Condition) 

Dials (Loose, malaligned, clicks?) 

Knobs (Loose, noisy?) ' 



Earphone Cushions (Split, deteri orated? )_ 
Cords (Split, frayed?) 



Noise During Test 4 Extraneous noise) 

A'cteruator Hum (dirty?) 

Radiation from Chassis (oscillating? 

components) 

Power supply hum - 

Clicks when changing Int. or Freq. _ 

Other 



Cords 



Power Hums 



Rise Time 



GROSS AUDITORY TEST 

Set at 1000 Hz, 70 dB, HTL, tone on.^ Jiggle 
earphone cords back and forth one half turn. 
If tone Is intermittent, either the cord is 
loose or defective. First try to tighten screws. 
If there is no change, replace cord; 

Set audiometer at 40^. dB HL and increase intensity; 
listen for any random signals. 

:Move <dials (attenuator and frequency) and inter- 
rupter switch. Judge if there are any audible 
clicks above threshold levels. 



Linearity ' - Set at 2000 Hz and. increc)se intensity in 5 dB 
steps. Give gross estimate of uniformity. 
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TAMI FORM 74- 



TEST FREQ. 
PHONE 



AHENUATOR LINEARiTY 

Hz DATE 



V 



SETTING 
Hz 


If P AQflDPIU 
MfiJIoUHBilr 

LEVEL 
SPL 


LIfibAlil 1 I 

VALUE 


no 






105 






100 






d5 




- • - — -J 


90 






85 






80 






75 






70 






65 






60 




e 


55 






50 


- 




45 






40 




^ 


35 






30 






25 






20 






— 15 






10 






5 






0 







(3.5-6.5 4B TOTAL RANGE) 
OVERALL LINEARITY 



MAX. SPL 
MIN, SPL. 
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dB i 
(t54Bt6LERANCE) 



TESTING FACILITIES AND SCHEDULES 



District, 
School 



Initial Test Date__ 
Rescreen T^;§i^te_ 



Principal 
Nurse 



Speech Clinician 



Testing Rooms: Names and/or numbers 



Schedules 
Num. Chn. in : 
KAM 



Num. Classes for: 



KPM 



lst_ 
2nd 



3rd_ 
5th 



Other 



Room Nos. 



Times Available: 



jVrrival/DiSmissal times : 
KAM 



KPM 



lst_ 
2nd_ 
3rd_ 
Bth 



Other 



Recess times: 



Lunch times: 



Otlter times not available for testing: 
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